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Blast mild traumatic brain injury

Muelbl et al. from Milwaukee previously reported elevated oxycodone seeking after drug self-
administration in rats that received repeated blast traumatic brain injury (rbTBI). Traumatic brain
injury and exposure to drugs of abuse can each change structural and functional neuroimaging
outcomes, but it is unknown if there are interactive effects of injury and drug exposure. To determine
the effects of TBI and oxycodone exposure, they subjected rats to rbTBI and oxycodone self-
administration and measured drug seeking and several neuroimaging measures. They found
interactive effects of rbTBI and oxycodone on fractional anisotropy (FA) in the nucleus accumbens
(NAc) and that FA in the medial prefrontal cortex (mPFC) was correlated with drug-seeking. They also
found an interactive effect of injury and drug on widespread functional connectivity and regional
homogeneity of the blood oxygen level-dependent (BOLD) response, and that intra-hemispheric
functional connectivity in the infralimbic medial prefrontal cortex positively correlated with drug-
seeking. In conclusion, rbTBI and oxycodone self-administration had interactive effects on structural
and functional magnetic resonance imaging (MRI) measures, and correlational effects were found
between some of these measures and drug-seeking. These data support the hypothesis that TBI and
opioid exposure produce neuroadaptations that contribute to addiction liability 1).

2: Jitsu M, Niwa K, Suzuki G, Obara T, Iwama Y, Hagisawa K, Takahashi Y, Matsushita Y, Takeuchi S,
Nawashiro H, Sato S, Kawauchi S. Behavioral and Histopathological Impairments Caused by Topical
Exposure of the Rat Brain to Mild-Impulse Laser-Induced Shock Waves: Impulse Dependency. Front
Neurol. 2021 May 21;12:621546. doi: 10.3389/fneur.2021.621546. PMID: 34093390; PMCID:
PMC8177106.

3: Corrigan F, Cernak I, McAteer K, Hellewell SC, Rosenfeld JV, Turner RJ, Vink R. NK1 antagonists
attenuate tau phosphorylation after blast and repeated concussive injury. Sci Rep. 2021 Apr
23;11(1):8861. doi: 10.1038/s41598-021-88237-0. PMID: 33893374; PMCID: PMC8065119.

4: Logsdon AF, Lucke-Wold BP, Turner RC, Collins SM, Reeder EL, Huber JD, Rosen CL, Robson MJ,
Plattner F. Low-intensity Blast Wave Model for Preclinical Assessment of Closed-head Mild Traumatic
Brain Injury in Rodents. J Vis Exp. 2020 Nov 6;(165):10.3791/61244. doi: 10.3791/61244. PMID:
33226021; PMCID: PMC8179023.

5: Li Y, Lv W, Cheng G, Wang S, Liu B, Zhao H, Wang H, Zhang L, Dong C, Zhang J. Effect of Early
Normobaric Hyperoxia on Blast-Induced Traumatic Brain Injury in Rats. Neurochem Res. 2020
Nov;45(11):2723-2731. doi: 10.1007/s11064-020-03123-x. Epub 2020 Sep 9. PMID: 32902742.

6: Sullivan DR, Miller MW, Wolf EJ, Logue MW, Robinson ME, Fortier CB, Fonda JR, Wang DJ, Milberg
WP, McGlinchey RE, Salat DH. Cerebral perfusion is associated with blast exposure in military
personnel without moderate or severe TBI. J Cereb Blood Flow Metab. 2021 Apr;41(4):886-900. doi:
10.1177/0271678×20935190. Epub 2020 Jun 24. PMID: 32580671; PMCID: PMC7983507.

7: Kim JH, Goodrich JA, Situ R, Rapuano A, Hetherington H, Du F, Parks S, Taylor W, Westmoreland T,
Ling G, Bandak FA, de Lanerolle NC. Periventricular White Matter Alterations From Explosive Blast in a
Large Animal Model: Mild Traumatic Brain Injury or “Subconcussive” Injury? J Neuropathol Exp Neurol.
2020 Jun 1;79(6):605-617. doi: 10.1093/jnen/nlaa026. PMID: 32386412.

8: Ratliff WA, Mervis RF, Citron BA, Schwartz B, Rubovitch V, Schreiber S, Pick CG. Effect of mild blast-

https://neurosurgerywiki.com/wiki/doku.php?id=milwaukee
https://neurosurgerywiki.com/wiki/doku.php?id=oxycodone
https://neurosurgerywiki.com/wiki/doku.php?id=drug
https://neurosurgerywiki.com/wiki/doku.php?id=rat
https://neurosurgerywiki.com/wiki/doku.php?id=blast_traumatic_brain_injury
https://neurosurgerywiki.com/wiki/doku.php?id=traumatic_brain_injury
https://neurosurgerywiki.com/wiki/doku.php?id=traumatic_brain_injury
https://neurosurgerywiki.com/wiki/doku.php?id=drug
https://neurosurgerywiki.com/wiki/doku.php?id=neuroimaging
https://neurosurgerywiki.com/wiki/doku.php?id=outcome
https://neurosurgerywiki.com/wiki/doku.php?id=injury
https://neurosurgerywiki.com/wiki/doku.php?id=fractional_anisotropy
https://neurosurgerywiki.com/wiki/doku.php?id=nucleus_accumbens
https://neurosurgerywiki.com/wiki/doku.php?id=medial_prefrontal_cortex
https://neurosurgerywiki.com/wiki/doku.php?id=functional_connectivity
https://neurosurgerywiki.com/wiki/doku.php?id=bold
https://neurosurgerywiki.com/wiki/doku.php?id=functional_connectivity
https://neurosurgerywiki.com/wiki/doku.php?id=prefrontal_cortex
https://neurosurgerywiki.com/wiki/doku.php?id=functional_magnetic_resonance_imaging
https://neurosurgerywiki.com/wiki/doku.php?id=opioid
https://neurosurgerywiki.com/wiki/doku.php?id=addiction


Last update:
2024/06/07 02:50 blast_mild_traumatic_brain_injury https://neurosurgerywiki.com/wiki/doku.php?id=blast_mild_traumatic_brain_injury

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/23 06:52

induced TBI on dendritic architecture of the cortex and hippocampus in the mouse. Sci Rep. 2020 Feb
10;10(1):2206. doi: 10.1038/s41598-020-59252-4. PMID: 32042033; PMCID: PMC7010659.

9: Ravin R, Morgan NY, Blank PS, Ravin N, Guerrero-Cazares H, Quinones-Hinojosa A, Zimmerberg J.
Response to Blast-like Shear Stresses Associated with Mild Blast-Induced Brain Injury. Biophys J. 2019
Oct 1;117(7):1167-1178. doi: 10.1016/j.bpj.2019.07.052. Epub 2019 Aug 15. PMID: 31495447; PMCID:
PMC6818442.

10: Kawauchi S, Okuda W, Nawashiro H, Sato S, Nishidate I. Multispectral imaging of cortical vascular
and hemodynamic responses to a shock wave: observation of spreading depolarization and oxygen
supply-demand mismatch. J Biomed Opt. 2019 Mar;24(3):1-17. doi: 10.1117/1.JBO.24.3.035005. PMID:
30851013; PMCID: PMC6975192.

11: Ratliff WA, Mervis RF, Citron BA, Schwartz B, Rubovitch V, Schreiber S, Pick CG. Mild blast-related
TBI in a mouse model alters amygdalar neurostructure and circuitry. Exp Neurol. 2019 May;315:9-14.
doi: 10.1016/j.expneurol.2019.01.020. Epub 2019 Jan 31. PMID: 30711646; PMCID: PMC6622172.

12: Tunthanathip T, Khocharoen K, Phuenpathom N. Blast-induced traumatic brain injury: the
experience from a level I trauma center in southern Thailand. Neurosurg Focus. 2018 Dec 1;45(6):E7.
doi: 10.3171/2018.8.FOCUS18311. PMID: 30544306.

13: Nawarawong NN, Slaker M, Muelbl M, Shah AS, Chiariello R, Nelson LD, Budde MD, Stemper BD,
Olsen CM. Repeated blast model of mild traumatic brain injury alters oxycodone self-administration
and drug seeking. Eur J Neurosci. 2019 Aug;50(3):2101-2112. doi: 10.1111/ejn.14281. Epub 2018 Dec
14. PMID: 30456793; PMCID: PMC6814147.

14: Hernandez A, Tan C, Plattner F, Logsdon AF, Pozo K, Yousuf MA, Singh T, Turner RC, Lucke-Wold
BP, Huber JD, Rosen CL, Bibb JA. Exposure to mild blast forces induces neuropathological effects,
neurophysiological deficits and biochemical changes. Mol Brain. 2018 Nov 9;11(1):64. doi:
10.1186/s13041-018-0408-1. Erratum in: Mol Brain. 2021 Nov 10;14(1):164. PMID: 30409147; PMCID:
PMC6225689.

15: Zhou Y, Wen LL, Wang HD, Zhou XM, Fang J, Zhu JH, Ding K. Blast-Induced Traumatic Brain Injury
Triggered by Moderate Intensity Shock Wave Using a Modified Experimental Model of Injury in Mice.
Chin Med J (Engl). 2018 Oct 20;131(20):2447-2460. doi: 10.4103/0366-6999.243558. PMID:
30334530; PMCID: PMC6202591.

16: Muelbl MJ, Slaker ML, Shah AS, Nawarawong NN, Gerndt CH, Budde MD, Stemper BD, Olsen CM.
Effects of Mild Blast Traumatic Brain Injury on Cognitive- and Addiction-Related Behaviors. Sci Rep.
2018 Jul 2;8(1):9941. doi: 10.1038/s41598-018-28062-0. PMID: 29967344; PMCID: PMC6028456.

17: Tagge CA, Fisher AM, Minaeva OV, Gaudreau-Balderrama A, Moncaster JA, Zhang XL, Wojnarowicz
MW, Casey N, Lu H, Kokiko-Cochran ON, Saman S, Ericsson M, Onos KD, Veksler R, Senatorov VV Jr,
Kondo A, Zhou XZ, Miry O, Vose LR, Gopaul KR, Upreti C, Nowinski CJ, Cantu RC, Alvarez VE,
Hildebrandt AM, Franz ES, Konrad J, Hamilton JA, Hua N, Tripodis Y, Anderson AT, Howell GR, Kaufer D,
Hall GF, Lu KP, Ransohoff RM, Cleveland RO, Kowall NW, Stein TD, Lamb BT, Huber BR, Moss WC,
Friedman A, Stanton PK, McKee AC, Goldstein LE. Concussion, microvascular injury, and early
tauopathy in young athletes after impact head injury and an impact concussion mouse model. Brain.
2018 Feb 1;141(2):422-458. doi: 10.1093/brain/awx350. PMID: 29360998; PMCID: PMC5837414.

18: Sajja VSSS, Jablonska A, Haughey N, Bulte JWM, Stevens RD, Long JB, Walczak P, Janowski M.
Sphingolipids and microRNA Changes in Blood following Blast Traumatic Brain Injury: An Exploratory



2025/06/23 06:52 3/5 Blast mild traumatic brain injury

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

Study. J Neurotrauma. 2018 Jan 15;35(2):353-361. doi: 10.1089/neu.2017.5009. Epub 2017 Nov 17.
PMID: 29020847.

19: Logsdon AF, Lucke-Wold BP, Turner RC, Li X, Adkins CE, Mohammad AS, Huber JD, Rosen CL,
Lockman PR. A mouse Model of Focal Vascular Injury Induces Astrocyte Reactivity, Tau Oligomers, and
Aberrant Behavior. Arch Neurosci. 2017 Apr;4(2):e44254. doi: 10.5812/archneurosci.44254. Epub
2017 Apr 30. PMID: 28758136; PMCID: PMC5529099.

20: Boothe DL, Yu AB, Kudela P, Anderson WS, Vettel JM, Franaszczuk PJ. Impact of Neuronal
Membrane Damage on the Local Field Potential in a Large-Scale Simulation of Cerebral Cortex. Front
Neurol. 2017 Jun 7;8:236. doi: 10.3389/fneur.2017.00236. PMID: 28638364; PMCID: PMC5461262.

21: Rachmany L, Tweedie D, Rubovitch V, Li Y, Holloway HW, Kim DS, Ratliff WA, Saykally JN, Citron
BA, Hoffer BJ, Greig NH, Pick CG. Exendin-4 attenuates blast traumatic brain injury induced cognitive
impairments, losses of synaptophysin and in vitro TBI-induced hippocampal cellular degeneration. Sci
Rep. 2017 Jun 16;7(1):3735. doi: 10.1038/s41598-017-03792-9. PMID: 28623327; PMCID:
PMC5473835.

22: Goodrich JA, Kim JH, Situ R, Taylor W, Westmoreland T, Du F, Parks S, Ling G, Hwang JY, Rapuano
A, Bandak FA, de Lanerolle NC. Neuronal and glial changes in the brain resulting from explosive blast
in an experimental model. Acta Neuropathol Commun. 2016 Nov 24;4(1):124. doi:
10.1186/s40478-016-0395-3. PMID: 27884214; PMCID: PMC5123270.

23: Perez-Garcia G, Gama Sosa MA, De Gasperi R, Lashof-Sullivan M, Maudlin- Jeronimo E, Stone JR,
Haghighi F, Ahlers ST, Elder GA. Exposure to a Predator Scent Induces Chronic Behavioral Changes in
Rats Previously Exposed to Low-level Blast: Implications for the Relationship of Blast-Related TBI to
PTSD. Front Neurol. 2016 Oct 18;7:176. doi: 10.3389/fneur.2016.00176. PMID: 27803688; PMCID:
PMC5067529.

24: Awwad HO, Durand CD, Gonzalez LP, Tompkins P, Zhang Y, Lerner MR, Brackett DJ, Sherry DM,
Awasthi V, Standifer KM. Post-blast treatment with Nociceptin/Orphanin FQ peptide (NOP) receptor
antagonist reduces brain injury- induced hypoxia and signaling proteins in vestibulomotor-related
brain regions. Behav Brain Res. 2018 Mar 15;340:183-194. doi: 10.1016/j.bbr.2016.10.041. Epub 2016
Oct 25. PMID: 27793733.

25: Ashkenazi I, Schecter WP, Peleg K, Givon A, Olsha O, Turegano-Fuentes F, Alfici R; Israeli Trauma
Group, Bahouth H, Becker A, Ben Ely M, Braslavsky A, Jeroukhimov I, Qarawany M, Kessel B, Klein Y,
Lin G, Merin O, Bala M, Mnouskin Y, Rivkind AI, Shaked G, Soffer D, Stein M, Weiss M. Glasgow Coma
Scale Score in Survivors of Explosion With Possible Traumatic Brain Injury in Need of Neurosurgical
Intervention. JAMA Surg. 2016 Oct 1;151(10):954-958. doi: 10.1001/jamasurg.2016.1742. PMID:
27409973.

26: Perez-Garcia G, Gama Sosa MA, De Gasperi R, Lashof-Sullivan M, Maudlin- Jeronimo E, Stone JR,
Haghighi F, Ahlers ST, Elder GA. Chronic post-traumatic stress disorder-related traits in a rat model of
low-level blast exposure. Behav Brain Res. 2018 Mar 15;340:117-125. doi: 10.1016/j.bbr.2016.09.061.
Epub 2016 Sep 28. PMID: 27693852.

27: Ravin R, Blank PS, Busse B, Ravin N, Vira S, Bezrukov L, Waters H, Guerrero- Cazares H, Quinones-
Hinojosa A, Lee PR, Fields RD, Bezrukov SM, Zimmerberg J. Blast shockwaves propagate Ca(2+)
activity via purinergic astrocyte networks in human central nervous system cells. Sci Rep. 2016 May
10;6:25713. doi: 10.1038/srep25713. PMID: 27162174; PMCID: PMC4861979.

28: Stemper BD, Shah AS, Budde MD, Olsen CM, Glavaski-Joksimovic A, Kurpad SN, McCrea M, Pintar



Last update:
2024/06/07 02:50 blast_mild_traumatic_brain_injury https://neurosurgerywiki.com/wiki/doku.php?id=blast_mild_traumatic_brain_injury

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/23 06:52

FA. Behavioral Outcomes Differ between Rotational Acceleration and Blast Mechanisms of Mild
Traumatic Brain Injury. Front Neurol. 2016 Mar 14;7:31. doi: 10.3389/fneur.2016.00031. PMID:
27014184; PMCID: PMC4789366.

29: Michael AP, Stout J, Roskos PT, Bolzenius J, Gfeller J, Mogul D, Bucholz R. Evaluation of Cortical
Thickness after Traumatic Brain Injury in Military Veterans. J Neurotrauma. 2015 Nov
15;32(22):1751-8. doi: 10.1089/neu.2015.3918. Epub 2015 Sep 25. PMID: 26131617.

30: Adam O, Mac Donald CL, Rivet D, Ritter J, May T, Barefield M, Duckworth J, LaBarge D, Asher D,
Drinkwine B, Woods Y, Connor M, Brody DL. Clinical and imaging assessment of acute combat mild
traumatic brain injury in Afghanistan. Neurology. 2015 Jul 21;85(3):219-27. doi:
10.1212/WNL.0000000000001758. Epub 2015 Jun 24. PMID: 26109715; PMCID: PMC4516289.

31: Lim YW, Meyer NP, Shah AS, Budde MD, Stemper BD, Olsen CM. Voluntary Alcohol Intake following
Blast Exposure in a Rat Model of Mild Traumatic Brain Injury. PLoS One. 2015 Apr 24;10(4):e0125130.
doi: 10.1371/journal.pone.0125130. PMID: 25910266; PMCID: PMC4409117.

32: Xydakis MS, Mulligan LP, Smith AB, Olsen CH, Lyon DM, Belluscio L. Olfactory impairment and
traumatic brain injury in blast-injured combat troops: a cohort study. Neurology. 2015 Apr
14;84(15):1559-67. doi: 10.1212/WNL.0000000000001475. Epub 2015 Mar 18. PMID: 25788559;
PMCID: PMC4408285.

33: de Lanerolle NC, Kim JH, Bandak FA. Neuropathology of traumatic brain injury: comparison of
penetrating, nonpenetrating direct impact and explosive blast etiologies. Semin Neurol. 2015
Feb;35(1):12-9. doi: 10.1055/s-0035-1544240. Epub 2015 Feb 25. PMID: 25714863.

34: Hetherington H, Bandak A, Ling G, Bandak FA. Advances in imaging explosive blast mild traumatic
brain injury. Handb Clin Neurol. 2015;127:309-18. doi: 10.1016/B978-0-444-52892-6.00020-9. PMID:
25702225.

35: Bandak FA, Ling G, Bandak A, De Lanerolle NC. Injury biomechanics, neuropathology, and
simplified physics of explosive blast and impact mild traumatic brain injury. Handb Clin Neurol.
2015;127:89-104. doi: 10.1016/B978-0-444-52892-6.00006-4. PMID: 25702211.

36: Elder GA, Stone JR, Ahlers ST. Effects of low-level blast exposure on the nervous system: is there
really a controversy? Front Neurol. 2014 Dec 19;5:269. doi: 10.3389/fneur.2014.00269. PMID:
25566175; PMCID: PMC4271615.

37: de Lanerolle NC, Hamid H, Kulas J, Pan JW, Czlapinski R, Rinaldi A, Ling G, Bandak FA,
Hetherington HP. Concussive brain injury from explosive blast. Ann Clin Transl Neurol. 2014
Sep;1(9):692-702. doi: 10.1002/acn3.98. Epub 2014 Sep 30. PMID: 25493283; PMCID: PMC4241796.

38: Eakin K, Baratz-Goldstein R, Pick CG, Zindel O, Balaban CD, Hoffer ME, Lockwood M, Miller J, Hoffer
BJ. Efficacy of N-acetyl cysteine in traumatic brain injury. PLoS One. 2014 Apr 16;9(4):e90617. doi:
10.1371/journal.pone.0090617. PMID: 24740427; PMCID: PMC3989181.

39: Greig NH, Tweedie D, Rachmany L, Li Y, Rubovitch V, Schreiber S, Chiang YH, Hoffer BJ, Miller J,
Lahiri DK, Sambamurti K, Becker RE, Pick CG. Incretin mimetics as pharmacologic tools to elucidate
and as a new drug strategy to treat traumatic brain injury. Alzheimers Dement. 2014 Feb;10(1
Suppl):S62-75. doi: 10.1016/j.jalz.2013.12.011. PMID: 24529527; PMCID: PMC4201593.

40: Hetherington HP, Hamid H, Kulas J, Ling G, Bandak F, de Lanerolle NC, Pan JW. MRSI of the medial



2025/06/23 06:52 5/5 Blast mild traumatic brain injury

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

temporal lobe at 7 T in explosive blast mild traumatic brain injury. Magn Reson Med. 2014
Apr;71(4):1358-67. doi: 10.1002/mrm.24814. Epub 2013 Aug 5. PMID: 23918077; PMCID:
PMC4117409.

41: Rosenfeld JV, McFarlane AC, Bragge P, Armonda RA, Grimes JB, Ling GS. Blast- related traumatic
brain injury. Lancet Neurol. 2013 Sep;12(9):882-893. doi: 10.1016/S1474-4422(13)70161-3. Epub
2013 Jul 22. PMID: 23884075.

42: Takeuchi S, Nawashiro H, Sato S, Kawauchi S, Nagatani K, Kobayashi H, Otani N, Osada H, Wada
K, Shima K. A better mild traumatic brain injury model in the rat. Acta Neurochir Suppl.
2013;118:99-101. doi: 10.1007/978-3-7091-1434-6_17. PMID: 23564112.

43: Tompkins P, Tesiram Y, Lerner M, Gonzalez LP, Lightfoot S, Rabb CH, Brackett DJ. Brain injury:
neuro-inflammation, cognitive deficit, and magnetic resonance imaging in a model of blast induced
traumatic brain injury. J Neurotrauma. 2013 Nov 15;30(22):1888-97. doi: 10.1089/neu.2012.2674.
Epub 2013 Sep 17. PMID: 23777197.

44: de Lanerolle NC, Bandak F, Kang D, Li AY, Du F, Swauger P, Parks S, Ling G, Kim JH. Characteristics
of an explosive blast-induced brain injury in an experimental model. J Neuropathol Exp Neurol. 2011
Nov;70(11):1046-57. doi: 10.1097/NEN.0b013e318235bef2. PMID: 22002430.

45: Risdall JE, Menon DK. Traumatic brain injury. Philos Trans R Soc Lond B Biol Sci. 2011 Jan
27;366(1562):241-50. doi: 10.1098/rstb.2010.0230. PMID: 21149359; PMCID: PMC3013429.

46: Cullen DK, Xu Y, Reneer DV, Browne KD, Geddes JW, Yang S, Smith DH. Color changing photonic
crystals detect blast exposure. Neuroimage. 2011 Jan;54 Suppl 1:S37-44. doi:
10.1016/j.neuroimage.2010.10.076. Epub 2010 Oct 30. PMID: 21040795; PMCID: PMC3014427.

47: Matsumoto Y, Hatano B, Matsushita Y, Nawashiro H, Shima K. [The characteristics of blast
traumatic brain injury]. No Shinkei Geka. 2010 Aug;38(8):695-702. Japanese. PMID: 20697143.

48: Aarabi B, Simard JM. Traumatic brain injury. Curr Opin Crit Care. 2009 Dec;15(6):548-53. doi:
10.1097/MCC.0b013e32833190da. PMID: 19741521.

49: Ling G, Bandak F, Armonda R, Grant G, Ecklund J. Explosive blast neurotrauma. J Neurotrauma.
2009 Jun;26(6):815-25. doi: 10.1089/neu.2007.0484. PMID: 19397423.

1)

Muelbl MJ, Glaeser BL, Shah AS, Chiariello RA, Nawarawong NN, Stemper BD, Budde MD, Olsen CM.
Repeated blast mild traumatic brain injury and oxycodone self-administration produce interactive
effects on neuroimaging outcomes. Addict Biol. 2022 Mar;27(2):e13134. doi: 10.1111/adb.13134.
PMID: 35229952.

From:
https://neurosurgerywiki.com/wiki/ - Neurosurgery Wiki

Permanent link:
https://neurosurgerywiki.com/wiki/doku.php?id=blast_mild_traumatic_brain_injury

Last update: 2024/06/07 02:50

https://neurosurgerywiki.com/wiki/doku.php?id=oxycodone
https://neurosurgerywiki.com/wiki/doku.php?id=neuroimaging
https://neurosurgerywiki.com/wiki/
https://neurosurgerywiki.com/wiki/doku.php?id=blast_mild_traumatic_brain_injury

	Blast mild traumatic brain injury

