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Evolutionary History of Human Craniofacial Development: Integrating 
Functional Matrix Theory with Hard Tissue Biology 

 
The functional matrix hypothesis was introduced by Melvin L. Moss in the 1960’s, and has been 
an enduring concept for explaining the compensatory growth and development of the 
craniofacial complex in general, and the facial skeleton in particular.  It remains true in concept, 
but it is incomplete and it stopped short of integrating hard tissue biology and complexity science 
into its rubric.  

Functional matrices are of two types: periosteal matrices comprise muscle/tendon attachments to 
skeletal units, and capsular matrices enclose a tissue mass or volume within a functional 
space.  However, expansion of orofacial capsular matrices were said to be intrinsically-derived 
spaces, not functionally-mediated, that satisfy the metabolic demands of the body. 

Support is offered for the idea that these capsular matrices have contents that furnish the 
pressures required to form these spaces.  The oropharyngeal capsule is mechanically challenged 
by chewing a hard and tough diet, and in so being challenged grows sufficiently to render a 
normal occlusion.  The functional matrix of the oral cavity is hard and tough food. 

The nasopharyngeal capsule is mechanically challenged by air pressures elicited by vigorous 
nasal breathing.  While chewing forces likely also play a role in development of the 
nasopharyngeal passage, nasal breathing is suggested to be primary.  The functional matrix of the 
nasal cavity is air.  With a more complete understanding of functional matrices, an evolutionary 
history of the human craniofacial complex concept makes sense.  This research is supported 
exclusively by the arts: https://www.essentialortho.com/store1/Artwork-c115649774.  
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Kullmer O, Schrenk F, Bromage TG.  Human Paleobiomics - Der Versuch einer integrativen 
Paläoanthropologie.  NATUR • FORSCHUNG • MUSEUM 144: 232-237, 2014.  

Weber K, Delben J, Bromage TG, Duarte S.  Comparison of SEM and VPSEM imaging 
techniques with respect to Streptococcus mutans biofilm topography.  FEMS Microbiology 
Letters 350: 175-179, 2013.   
Ruff CB, Burgess M L, Bromage TG, Mudakikwa A, McFarlin  SC.  Ontogenetic Changes in 
Limb Bone Structural Proportions in Mountain Gorillas (Gorilla beringei beringei).  Journal of 
Human evolution 65: 693--703, 2013.   
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Blumenthal SA, Chritz KL, Cerling TE, Bromage TG, Kozdon R, Valley JW.  Stable isotope 
time-series in mammalian teeth: in situ δ18O from the innermost enamel layer.  Geochimica et 
Cosmochimica Acta  124: 223-236, 2013.  

Bromage TG.  Heiner Jaksch.  Imaging & Microscopy 15: 15, 2013.  
Valenzuela CD, Allori AC, Reformat DD, Sailon AM, Allen RJ Jr, Davidson EH, Alikhani M, 
Bromage TG, Ricci JL, Warren SM.  Characterization of Adipose-Derived Mesenchymal Stem 
Cell Combinations for Vascularized Bone Engineering.  Tissue Engineering Part A 19:1373-85, 
2013.   
Froum S.J., Wallace S., Cho S.C., Khouly  I.E.,  Rosenberg E., Corby P., Froum S., Bromage, 
T.G., Schoor R., Norman R., Tarnow D.  Histomorphometric Comparison of Different 
Concentrations of Recombinant Human Bone Morphogenetic Protein with Allogeneic Bone 
Compared to the Use of 100% Mineralized Cancellous Bone Allograft in Maxillary Sinus 
Grafting.  International Journal of Periodontics & Restorative Dentistry. 33: 721-730, 2013.  doi: 
10.11607/prd.1736 
Froum S.J., Cho S.C., Rosenberg E., Wallace S., Froum S., Ricci J., Hu B., Bromage, T.G., 
Fickl S., Elian N., Corby P., Tarnow D., Mastra P., Rosen E., Khouly  I.E.  A histomorphometric 
Comparison of Bio-Oss Alone Versus Bio-Oss and Platelet-Derived Growth Factor for Sinus 
Augmentation: A Postsurgical Assessment.  International Journal of Periodontics & Restorative 
Dentistry. 33: 269-279, 2013.   
McFarlin SC, Barks SK, Tocheri MW, Massey JS, Eriksen AB, Fawcett KA, Hof PR, Bromage 
TG, Mudakikwa A, Cranfield MR, Sherwood CC. Early Brain Growth Cessation In Wild 
Virunga Mountain Gorillas (Gorilla beringei beringei). American Journal of Primatology. 75: 
450-463, 2013.   
Lacruz RS, Bermúdez de Castro JM, Martinón-Torres M, Paine ML, Carbonell E, Arsuaga JL, 
Bromage TG. Facial Morphogenesis of the Earliest Europeans.  PLoS ONE. 8:e65199-e65199, 
2013.   

Bromage TG.  Exploring a new lifecycle.  International Innovation June: 118-120, 2012. 
Bromage TG, Hogg RT, Lacruz RS, Hou C.  Primate enamel evinces long period biological 
timing and regulation of life history.  Journal of Theoretical Biology 305: 131-144, 2012. 
Caufield PW, Li Y, Bromage TG.  Hypoplasia-Associated Severe Early Childhood Caries – A 
Proposed Definition.  Journal of Dental Research 91: 544-550, 2012. 
Dirks W, Bromage TG, Agenbroad L D.  The duration and rate of molar plate formation in 
Palaeoloxodon cypriotes and Mammuthus columbi from dental histology.  Quarternary 
International 255: 79-85, 2012. 

Lacruz RS, Ramirez Rozzi FV, Wood BA, Bromage TG. Molar development and crown areas 
in early Australopithecus.  American Journal of Physical Anthropology 148: 632-640, 2012. 
DOI: 10.1002/ajpa.22089.  
Lacruz RS, Hacia JG, Bromage TG, Boyde A, Lei Y, Xu Y, Miller JJ, Paine ML, Snead ML.  
The circadian clock modulates enamel development.  Journal of Biological Rhythms 27: 237-
245, 2012.  DOI: 10.1177/0748730412442830 

Lacruz RS, Smith CE, Moffatt P, Chang EH, Bromage TG, Bringas P Jr, Nanci A, Baniwal SK, 
Zabner J, Welsh MJ, Kurtz I, Paine ML.  Requirements for ion and solute transport, and pH 
regulation, during enamel maturation. Journal of Cellular Physiology 227: 1776–1785, 2012  
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Huang Z, Kim J, Lacruz RS, Bringas P Jr, Glogauer M, Bromage TG, Kaartinen VM, Snead 
ML. Epithelial-specific knockout of the Rac1 gene leads to enamel defects. European Journal of 
Oral Sciences 119: 168–176, 2011.  

Denys C, Sandrock O, Kullmer O, Ramirez Rozzi F, Bromage TG, Schrenk F.  Note on the 
presence of Hystrix (Mammalia, Rodentia) in the Malawi Chiwondo Beds (Plio-Pleistocene): 
taphonomical and palaeoecological implications.  Geodiversitas 33: 729-738, 2011. 
Kullmer O, Sandrock O, Kupczik K, Frost SR, Volpato V, Bromage TG, Schrenk F.  New 
Primate Remains from Mwenirondo, Chiwondo Beds in Northern Malawi.  Journal of Human 
Evolution 61: 617-623, 2011.  

Chang EH, Lacruz RS, Bromage TG, Bringas P Jr, Welsh MJ, Zabner J, Paine ML.  Enamel 
Pathology Resulting From Loss Of Function In The Cystic Fibrosis Transmembrane 
Conductance Regulator in a Porcine Animal Model.  Cells Tissues Organs 194: 249-54, 2011.   
Holmes G, Bromage TG, Basilico C.  The Sox2 high mobility group transcription factor inhibits 
mature osteoblast function in transgenic mice.  Bone 49: 653-661, 2011.   
Yang J, Bromage TG, Zhao Q, Xu BH, Gao WL, Tian HF, Tang HJ, Liu DW, Zhao XQ.  
Functional Evolution of Leptin of Ochotona curzoniae in Adaptive Thermogenesis Driven by 
Cold Environmental Stress. PloS One 6, e19833, 2011.   

Bromage TG, Juwayeyi YM, Smolyar I, Hu B, Gomez S, Scaringi VJ, Chavis S, Bondalapati P, 
Kaur K, Chisi J.  Signposts Ahead: Hard Tissue Signals on Rue Armand de Ricqlès.  Comptes 
rendus Palevol 10: 499–507, 2011.     
Bromage TG, Juwayeyi YM, Smolyar I, Hu B, Gomez S, Chisi J.  Enamel-Calibrated Lamellar 
Bone Reveals Long Period Growth Rate Variability in Humans  Cells Tissues Organs 194:124–
130, 2011.   

Lacruz RS, Lakshminarayanan R, Bromley KM, Hacia JG, Bromage TG, Snead ML, Moradian-
Oldak J, Paine ML.  Structural Analysis of a Repetitive Protein Sequence Motif in Strepsirrhine 
Primate Amelogenin. PloS One 6, e18028, 2011.    
Fiorenza L, Benazzi S, Tausch J, Kullmer O, Bromage TG, Schrenk F.  Molar macrowear 
reveals Neanderthal eco-geographic dietary variation. PloS One 6, e14769, 2011.   
Kaiser TM, Seiffert C, Hertler C, Fiedler L, Schwartz HL, Frost SR, Giemsch L, Bernor RL, 
Wolf D, Semprebon G, Nelson SV, Schrenk F, Harvati K, Bromage TG, Saanane C.  Makuyuni, 
a new Lower Palaeolithic Hominid Site in Tanzania.  Mitt. hamb. zool. Mus. Inst. 106: 69-110, 
2010. 
Bromage TG, Lacruz RS, Hogg R, Goldman HM, McFarlin SC, Warshaw J, Dirk, W, Perez-
Ochoa A, Smolyar I, Enlow DH, Boyde A.  Lamellar bone is an incremental tissue reconciling 
enamel rhythms, body size, and organismal life history.  Calcified Tissue International 84: 388-
404, 2009.   
Bromage TG, Goldman HM, McFarlin SC, Perez-Ochoa A, Boyde A.  Confocal Scanning 
Optical Microscopy of a 3my Australopithecus afarensis Femur.  Scanning 31: 1-10, 2009.   
Bromage TG.  Coupled microbial and human systems: evidence for a relationship between 
infectious disease and gross national product.  Clinical Microbiology and Infection 15: 51-53, 
2009.   
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Lacruz RS, Dean MC, Ramirez-Rozzi F, Bromage TG.  Megadontia, Striae Periodicity, and 
Patterns of enamel secretion in Plio-Pleistocene Fossil Hominins. Journal of Anatomy 213: 148-
158, 2008.   

Bromage TG, McMahon J, Thackeray JF, Kullmer O, Hogg R, Rosenberger AL, Schrenk F, 
Enlow DH.  Craniofacial architectural constraints and their importance for reconstructing the 
early Homo skull KNM-ER 1470.  Journal of Clinical Pediatric Dentistry 33: 43-54, 2008.   
McFarlin SC, Terranova CJ, Zihlman AL, Enlow DH, Bromage TG.  Regional variability in 
secondary remodeling within long bone cortices of catarrhine primates: the influence of bone 
growth history.  Journal of Anatomy 213: 308-324, 2008. 

Yeh N, Miller JP, Gaur T, Capellini TD, Nikolich-Zugich J, la Hoz C de, Selleri L, Bromage 
TG, van Wijnen AJ, Stein GS, Lian JB, Vidal A, Koff A.  Cooperation between p27 and p107 
during endochondral ossification suggests a genetic pathway controlled by p27 and p130.  
Molecular and Cellular Biology 27: 5161-5171, 2007.   

Bromage TG.  Letter to the Readers of ReES.  Economía de la Salud 5: 93, 2006. 
Lacruz R Bromage TG.  Appositional enamel growth in molars of South African fossil 
hominids.  Journal of Anatomy 209: 13-20, 2006.   
Lacruz R, Rozzi FR, Bromage TG.  Variation in enamel development of South African fossil 
hominids.  Journal of Human Evolution 51: 580-590, 2006.   
LeGeros RZ, Mijares D, Yao F, LeGeros JP, Bromage TG, La V, Xi Q, Tannous S, Kijkowska 
R.  Consequences of fluoride incorporation on properties of apatites.  Key Engineering Materials 
6: 697-700, 2006.   

Lacruz R, Rozzi FR, Bromage TG.  Dental enamel hypoplasia, age at death, and weaning in the 
Taung child.  South African Journal of Science 101: 567-569, 2005. 

Bromage TG, Perez-Ochoa A, Boyde A.  Portable confocal microscope reveals fossil hominid 
microstructure.  Microscopy and Analysis 19: 5-7, 2005.   

Ring U, Schwartz HL, Bromage TG, Sanaane C.  Kinematic and sedimentological evolution of 
the Manyara Rift in northern Tanzania, East Africa.  Geological Magazine 142: 355–368, 2005.   

Goldman HM, Thomas CDL, Clement JG, Bromage TG.  Relationships among microstructural 
properties of bone at the human mid-shaft femur.  Journal of Anatomy 206: 127-139, 2005.    

Kaiser TM, Fiedler L, Schrenk F, Schwartz HL, Bromage TG, Seiffert C, Saanane C, Kaletsch 
B, Arnhold S, Busch S, Hüser A, Junger B, Steinmaetz S, Stötzel K, Tschirschnitz C.  Makuyuni, 
eine neue altpaläolithische hominidenfundstelle in Tansania.  Jahrbuch des Römisch-
Germanischen Zentralmuseums 52: 1-42, 2005. 
 

Smolyar I, Bromage TG.  Discrete model of fish scale incremental pattern: a formalization of 
the 2D anisotropic structure.  ICES Journal of Marine Science: Journal du Conseil 61: 992-1003, 
2004. 
Bromage TG, Goldman HM, McFarlin S, Warshaw J, Boyde A, Riggs C.  Circularly polarized 
light standards for investigations of collagen fiber orientation in bone.  Anatomical Record: The 
New Anatomist 274B: 157–168, 2003.   
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Goldman HM, Bromage TG, Boyde A, Thomas CDL, Clement JG.  Intrapopulation Variability 
in Mineralization Density at the Human Femoral Mid-Shaft.  Journal of Anatomy 203: 243-255, 
2003.   

Goldman HM, Bromage TG, Thomas CDL, Clement JG.  Preferred collagen fiber orientation at 
the human mid-shaft femur.  Anatomical Record 272A: 434-445, 2003.   

Schrenk F Kullmer O Sandrock O, Bromage TG.  Early Hominid diversity, age and 
biogeography of the Malawi-Rift.  Human Evolution 17: 113-122, 2002. 

Bromage TG, Dirks W, Erdjument-Bromage H, Huck M, Kulmer O, Öne, R, Sandrock O, 
Schrenk F.  A life history and climate change solution to the evolution and extinction of insular 
dwarfs: A Cypriot experience.  In (Waldren WH, Ensenyat JA, Eds.) World Islands in 
Prehistory: International Insular Investigations V Deia Conference of Prehistory.  British 
Archeological Reports International Series 105: 420-427, 2002. 
Kullmer O, Huck M, Engel K, Schrenk F Bromage TG.  Hominid Tooth Pattern Database 
(HOTPAD) derived from Optical 3D Topometry.  British Archeological Reports Series 1049: 
71-82, 2002. 

Schrenk F, Bromage TG, Kaessmann, H. Zurück zu den Wurzeln Die Frühzeit des Menschen: 
Zurück zu den Wurzeln.  Biologie in unserer Zeit 32: 352-359, 2002. 

Arnaud SB, Buckendahl P, Bromage TG, Yamauchi M.  Bone biochemistry in rat femoral 
diaphysis after space flight.  Journal of Gravitational Physiology 7: 7-15, 2000. 

Goldman HM, Blayas A, Boyde A, Howell PGT, Clement J, Bromage TG.  Correlative Light 
and Backscattered Electron Microscopy of Human Bone.  Part II: Automated Image Analysis.  
Scanning 22: 337-344, 2000.   
Goldman HM, Bromage TG, Blayas A, David, TC.  Beauty is in the ‘eye’ of the beholder: 
morphology and color in analytical microscopy.  Scanning 22: 88-89, 2000. 
Schrenk F, Bromage TG.  Der Hominiden-Korridor Südostafrikas.  Spektrum der Wissenshaft 
August: 46-53, 2000.   
Schrenk F, Bromage TG.  Corredor de homínidos en Africa sudoriental.  Investigación y Ciencia 
291: 2000. 
Chowdhury IG, Bromage TG.  Effects of fetal exposure to nicotine on dental development of 
the laboratory rat.  Anatomical Record 258: 397-405, 2000.   
Kullmer O, Sandrock O, Schrenk F, Bromage TG.  The Malawi Rift: Biogeography, Ecology 
and Coexistance of Homo and Paranthropus.  Anthropologie 37: 221-231, 1999.   
Goldman HM, Kindsvater J, Bromage TG.  Correlative Light and Backscattered Electron 
Microscopy of Bone.  Part I: Specimen Preparation Methods.  Scanning 21: 40-43, 1999. 
Kullmer O, Sandrock O Abel R, Schrenk F, Bromage TG, Juwayeyi YM.  The first 
Paranthropus from the Malawi Rift.  Journal of Human Evolution 37: 121-127, 1999. 
Goldman HM, Bromage TG, Blayvas A.  Correlative light and backscattered electron 
microscopy of human bone using automated image analysis.  Scanning 20: 236-237, 1998.   
Bromage TG, Smolyar I, Doty SB, Holton E, Zuyev AN.  Bone growth rate and relative 
mineralization density during space flight.  Scanning 20: 238-239, 1998. 
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Bromage TG, Boyde A.  Intracortical remodeling and growth of the macaque mandible.  
Scanning 20: 240, 1998. 
Bromage TG, Goldman HM.  Specialised in bone loss and osteoporosis.  reSolution 97/2: 13, 
1997.   
Bromage TG, Blayvas A, Goldman HM. Specimen preparation and analysis for combined light 
and backscattered electron imaging.  Scanning 19: 179-180, 1997.   
Rozzi FVR, Bromage TG, Schrenk F. UR 501, the Plio-Pleistocene hominid from Malawi.  
Analysis of the microanatomy of the enamel.  C.R. Acad. Sci. Paris, Earth & Planetary Sciences 
325: 231-234, 1997.   

Bromage TG, Schrenk F, Juwayeyi YM.  Palaeobiogeography of the Malawi Rift: Age and 
vertebrate palaeontology of the Chiwondo Beds, northern Malawi.  Journal of Human Evolution 
28: 37-57, 1995. 
Schrenk F, Bromage TG, Sandrock O, Gorthner A.  Paleoecology of the Malawi Rift: 
Vertebrate and invertebrate faunal contexts of the Chiwondo Beds, northern Malawi.  Journal of 
Human Evolution 28: 59-70, 1995. 

Bromage TG, Schrenk F, Zonneveld FW.  Palaeoanthropology of the Malawi Rift: An early 
hominid mandible from the Chiwondo Beds, northern Malawi.  Journal of Human Evolution 28: 
71-108, 1995. 
Bromage TG, Schrenk F.  Biogeographic and climatic basis for a narrative of early hominid 
evolution.  Journal of Human Evolution 28: 109-114, 1995. 
Kaiser T, Bromage TG, Schrenk F. Hominid Corridor Research Project update: New Pliocene 
localities at Lake Manyara and putative oldest Early Stone Age ocurrences at Laetoli (Upper 
Ndolanya Beds), northern Tanzania.  Journal of Human Evolution 28: 117-120, 1995. 

McMahon JM, Boyde A, Bromage TG.  Pattern of collagen fiber orientation in the ovine 
calcaneal shaft and its relation to locomotor-induced strain.  Anatomical Record 242: 147-158, 
1995.   
Schrenk F, Bromage TG, Betzler C, Ring U.  Oldest Homo and Pliocene biogeography of the 
Malawi Rift.  Nature, 365: 833-836, 1993. 
Ring U, Betzler C, Bromage TG, Schrenk F, Gorthner A.  Tektonik und Kinematik des Malawi-
Rifts (Ostafrika).  Frankfurter Geowissenschaftliche Arbeiten Serie A, 11: 293-294, 1992. 
Schrenk F, Bromage TG, Gorthner A, Ring U.  Evolution and palaeoecology of the Malawi Rift 
(Central Africa).  Occasional Papers of the Antiquities Department, Malawi.  Vol. 1.  pp. 23-43, 
1992.   

Bromage TG.  The ontogeny of Pan troglodytes craniofacial architectural relationships and 
implications for early hominids.  Journal of Human Evolution, 23: 235-251, 1992. 

Bromage TG.  Faces from the past.  New Scientist, 1803: 38-41, 1992. 
Bromage TG.  Enamel incremental periodicity in the Pigtailed Macaque: A polychrome 
fluorescent labeling study of dental hard tissues.  American Journal of Physical Anthropology 
86: 205-214, 1991. 

Bromage TG.  Issues related to mineralized tissue biology in human evolutionary research.  
Human Evolution 16: 165-175, 1991. 
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O'Higgins P, Bromage TG, Johnson DR, Moore WJ, McPhie P.  A study of facial growth in the 
Sooty Mangabey Cercocebus atys.  Folia Primatologica, 56: 86-94, 1991. 
Bromage TG, Bermudez de Castro JM, Jalvo YF.  The SEM in taphonomic research and its 
application to studies of cutmarks generally and the determination of handedness specifically.  
Anthropologie, 29: 163-169, 1991. 

Bromage TG.  On the ontogenetic and phylogenetic origins of the human chin.  American 
Journal of Physical Anthropology 83 263-265, 1990. 

Bromage TG.  Developmental biology of early hominids: New perspectives for 
paleoanthropology.  Anthroquest 42: 23-26, 1990. 

Mechanic GL, Arnaud SB, Boyde A, Bromage TG, Buckendahl P, Elliott JC, Katz EP, Durnova 
I.  Regional Distribution of mineral and matrix in the femurs of rats flown on Cosmos 1887 
biosatellite.  FASEB 4: 34-40, 1990. 
Bromage TG.  Ontogeny of the early hominid face.  Journal of Human Evolution 18: 751-773, 
1989. 
Mechanic GL, Arnaud SB, Boyde A, Buckendahl P, Bromage TG, Elliott JC, Katz EP, Durnova 
I.  Regional changes in mineral and matrix in rat femoral diaphysis after space flight.  Journal of 
Bone and Mineral Research 4:S407, 1989. 

Bermudez de Castro JM, Bromage TG, Jalvo YF.  Buccal striations on fossil human anterior 
teeth: Evidence of handedness in the middle and early Upper Pleistocene.  Journal of Human 
Evolution 17: 403-412, 1988. 
Bromage TG.  The biological and chronological maturation of early hominids.  Journal of 
Human Evolution 16: 257-272, 1987. 
Bromage TG.  The scanning electron microscopy/replica technique and recent applications to 
the study of fossil bone.  Scanning Microscopy 1, 1987: 607-613, 1987. 
Bromage TG, Schrenk F.  A cercopithecoid tooth from the Pliocene of Malawi.  Journal of 
Human Evolution 15: 497-500, 1986. 
Dean MC, Stringer CB, Bromage TG.  Age at death of the Neanderthal child from Devil's 
Tower, Gibraltar and the implications for studies of general growth and development in 
Neanderthals.  American Journal of Physical Anthropology 70: 301-309, 1986. 

Bromage TG, Schrenk F, Kaufulu ZM.  Plio-Pleistocene deposits in Malawi's hominid corridor.  
National Geographic Society Research Reports 21: 51-52, 1985. 

Bromage TG, Dean MC.  Re-evaluation of the age at death of immature fossil hominids.  
Nature 317: 525-527, 1985. 

Bromage TG.  Systematic inquiry in tests of negative/positive replica combinations for SEM.  
Journal of Microscopy 137: 209-216, 1985. 

Bromage TG, Boyde A.  Microscopic criteria for the determination of directionality of cutmarks 
on bone.  American Journal of Physical Anthropology 65: 359-366, 1984. 

Bromage TG.  Interpretation of scanning electron microscopic images of abraded forming bone 
surfaces.  American Journal of Physical Anthropology 64: 161-178, 1984. 

Bromage TG.  Mapping remodeling reversals with the aid of the scanning electron microscope.  
American Journal of Orthodontics 81: 314-321, 1982. 
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Bromage TG, Shermis S.  The La Brea Woman (HC 1323): Descriptive analysis.  Occasional 
Papers of the Society for California Archeology 3: 59-75, 1981. 
Bromage TG.  Osteoarthritis and its incidence and relationships to concave and convex surfaces.  
Canadian Review of Physical Anthropology 3: 12-17, 1981. 
Bromage TG, Horne PD, Zimmerman MR.  Stafne defect: A histological approach.  
Paleopathology Newsletter 33: 7-9, 1981. 
Bromage TG.  A brief review of cartilage and controlling factors in chondrocranial 
morphogenesis.  Acta Morphologica Neerlando-Scandinavica 18: 317-322, 1980. 
 

Book Articles (most peer-reviewed) 
Kullmer O, Sandrock O, Simfukwe H, Bromage TG, Schrenk F.  The Paleoenvironment of the 
Plio-Pleistocene Chiwondo Beds of Northern Malawi.  In (Reynolds SC, Bobe R, Eds) African 
Paleoecology and Human Evolution.  Cambridge University Press, Cambridge.  pp 453-459, 
2022. 
Cerrito P, Naji S, Bromage TG.  Optimizing preparation protocols and microscopy for 
cementochronology.  In (Naji S, Rendu W, Gourichon L, Eds) Dental Cementum in 
Anthropology.  Cambridge University Press, Cambridge.  pp 189-200, 2022. 

Bromage TG.  Hard tissue biology in human health and evolution. Part 4: Life History and 
Chronobiology.  In (Nesse RM, Ed) Evolution and Medicine: How New Applications Advance 
Research and Practice, The Biomedical & Life Sciences Collection, Henry Stewart Talks Ltd, 
London (online at https://hstalks.com/t/4517/hard-tissue-biology-in-human-health-and-evolution-
/?biosci), 2021. 
Boyde A, Bromage TG.  Histology of dental hard tissues.  In (de Buffrenil V, de Ricqlès A, 
Zylberberg L, Padian K, Eds) Vertebrate Skeletal Histology and Paleohistology.  CRC Press: 
London.  Section IV Teeth, Chapter 13.  2021.  Available at: 
https://bookshelf.vitalsource.com/#/books/9781351189576/cfi/6/56!/4@0:0.  Email: 
tbromage@gmail.com.  Password: Chapter13! 

Bromage TG.  Hard tissue biology in human health and evolution. Part 3: Craniofacial Biology.  
In (Nesse RM, Ed) Evolution and Medicine: How New Applications Advance Research and 
Practice, The Biomedical & Life Sciences Collection, Henry Stewart Talks Ltd, London (online 
at https://hstalks.com/t/4356/hard-tissue-biology-in-human-health-and-evolution-/?biosci), 2020.   

Galbany J, Twahirwa JC, Baiges-Sotos L, Kane EE, Tuyisingize D, Kaleme P, Rwetsiba A, 
Bitariho R, Cranfield MR, Bromage TG, Mudakikwa A, Stoinski TS , Robbins MM, McFarlin 
SC.  Dental macrowear in Catarrhine primates: variability across species.  In (Schmidt C, 
Watson, JT, Eds) Dental Wear In Evolutionary and Biocultural Contexts.  Academic Press: 
London.  Pp. 11-37, 2020. 
Schrenk F, Bromage TG.  Origins of Hominin Biocultural Diversity.  In (Rupp N, Beck C, 
Franke G, Wendt KP, Eds) Winds of Change.  Verlag Dr. Rudolf Habelt GmbH: Bonn.  pp. 409-
419, 2017. 

Hogg RT, Bromage TG, Goldman HM, Katris JA, Clement JG.  the Havers-Halberg Oscillation 
and bone metabolism.  In (Percival CJ, Richsmeier JT, Eds.) Early Bone Development in 
Anthropology.  Cambridge University Press, Cambridge.  pp. 254-280, 2017.    
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Schrenk F, Kullmer O, Bromage TG.  The earliest putative Homo fossils.  In (Henke W, Rothe 
H, Tattersall I, Eds.) Handbook of Paleoanthropology. Vol 3: Phylogeny of Hominids.  Springer-
Verlag Berlin Heidelberg.  pp. 1-19, 2014.  http://dx.doi.org/10.1007/978-3-642-27800-6_52-4. 

Coehlo P, Bromage TG.  Challenges in engineering and testing of bioceramics.  In (Ferencz JF, 
Silva N, Navarro J, Eds) High-strength Ceramics: Interdisciplinary Perspectives.  Quintessence: 
São Paulo.  pp. 1-16, 2014.   
Schrenk F, Kullmer O, Bromage TG.  Earliest Homo.  In (Begun D, Ed) A Companion to 
Paleoanthropology, Wiley-Blackwell, Malden, MA.  pp. 480-496, 2013.   
Bromage TG, Werning S.  Image Standardization In Paleohistology.  In (Padian K, Lamm E-T, 
Eds) Bone Histology Of Fossil Tetrapods: Advancing Methods, Analysis, and Interpretation.    
University of California Press: Berkeley.  pp. 161-175, 2013.   

Padian K, Boef Miara M de, Larsson HCE, Wilson L, Bromage TG. Research Applications and 
Integration.  In (Padian K, Lamm E-T, Eds) Bone Histology Of Fossil Tetrapods: Advancing 
Methods, Analysis, and Interpretation.  University of California Press: Berkeley.  pp. 265-285, 
2013.   
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