
 

Human Growth, Development 

and Maturation 

Definition and Core Concepts 

Understanding human growth, development, and maturation needs clear 

concepts because these terms are often used in the same way in everyday 

language, even though they mean different but related processes in 

anthropology. Together, they explain how a human being changes in body size, 

abilities, and biological readiness from conception to adulthood. 

Anthropology does not see these processes as purely biological; instead, it 

understands them as being shaped by genes, environment, culture, and 

evolutionary history. 

1. Human Growth 

Human growth refers to the quantitative and measurable increase in 

the physical size of the human body over time. It is concerned with how 

much the body grows rather than how it functions. Growth is therefore expressed 

in numerical terms such as height, weight, head circumference, limb 

length, organ size, and body proportions. 

At the biological level, growth occurs due to two fundamental cellular processes. 

The first is hyperplasia, which involves an increase in the number of cells, 

especially prominent during prenatal life and early childhood. 

Hyperplasia refers to an increase in the number of cells in a tissue or 

organ, which leads to growth in size. In simple terms, the body grows not 

because cells become bigger, but because more cells are produced. This 

process is especially important during the early stages of human life. 



 

For example, during prenatal development, a single fertilized cell divides 

repeatedly to form millions of cells that build the entire body. Organs such as the 

brain, liver, and lungs grow mainly through hyperplasia before birth. Even 

after birth, hyperplasia continues in some tissues, such as the immune system, 

where new cells are constantly produced to fight infections. 

Hyperplasia allows the body to build structure and complexity, laying the 

foundation for later growth. As humans grow older, hyperplasia slows down, and 

growth increasingly depends on cell enlargement rather than cell increase. Thus, 

hyperplasia explains how the body multiplies its building blocks to grow 

and develop. 

The second is hypertrophy, which refers to an increase in the size of 

existing cells, contributing significantly to growth during later childhood and 

adolescence. Together, these processes result in visible enlargement of the body 

and its parts. 

Hypertrophy is the biological process by which cells increase in size, leading 

to growth of tissues and organs without an increase in cell number. In simple 

terms, the body grows because existing cells become larger and more 

powerful, not because new cells are added. This mechanism becomes more 

important after early childhood, when cell multiplication slows down. 

Hypertrophy occurs when cells produce more proteins, organelles, and 

cytoplasmic material, which enlarges their overall volume. A common 

example is muscle growth. When a person performs regular physical work or 

exercise, muscle cells do not increase in number; instead, each muscle fiber 

becomes thicker and stronger. 

Similarly, during adolescence, many tissues grow through hypertrophy as 

hormones stimulate cells to enlarge. Bones, organs, and muscles all increase in 

size mainly through this process. Hypertrophy thus explains how the human 



 

body gains strength and bulk as it matures, complementing hyperplasia in 

overall growth and development. 

Growth is studied using two complementary approaches. Longitudinal studies 

follow the same individuals over time to observe growth velocity and timing, 

while cross-sectional studies compare individuals of different ages at a single 

point in time to identify population-level patterns. These methods help 

anthropologists identify population differences, observe secular trends 

such as increases in average height over generations, and interpret adaptive 

responses to harsh or changing environments. 

Human growth has some clear and simple features.  

●​ It is measurable and numerical, meaning it can be expressed in 

numbers such as height and weight.  

●​ It is time-bound and irreversible, because growth that is missed, 

especially in early life, cannot be fully regained later.  

●​ Growth follows a regular sequence, with rapid growth in infancy, slower 

growth in childhood, and a growth spurt during adolescence.  

●​ At the same time, this pattern is flexible, as it can change under the 

influence of nutrition, disease, and living conditions.  

●​ Most importantly, human growth is highly sensitive to the 

environment, which is why anthropologists use it to study stress, 

inequality, and human adaptation. 

2. Human Development 

While growth is about increase in size, human development refers to 

qualitative changes in structure and function. It explains how the body 

and mind become more complex, coordinated, and capable with age. 

Development includes improvement in movement, thinking, emotions, 

language, immunity, and social behavior. 



 

Unlike growth, development cannot always be measured in numbers. For 

example, learning to walk, speak a language, control emotions, or form social 

relationships are functional changes, not changes in body size. Development 

therefore focuses on how different parts of the body and mind work 

together more efficiently. 

Anthropology understands development as a biocultural process. Biological 

maturation provides the physical and neurological base, but culture shapes 

how development occurs. Language develops not only because the brain 

matures but also because a child is exposed to speech. Emotional behavior 

reflects cultural rules, and social development is shaped by family structure, 

parenting, and education. 

Development has some clear features.  

●​ It is qualitative and functional, focusing on abilities rather than 

measurements.  

●​ It is continuous throughout life, from infancy to old age.  

●​ It includes psychological and behavioral aspects, making it broader 

than physical growth.  

●​ Most importantly, development is strongly influenced by learning 

and socialization, showing that biology and culture are closely 

connected. 

3. Human Maturation 

Human maturation refers to the process by which an individual attains 

biological readiness or functional competence, particularly in systems 

essential for adult life. Maturation is concerned less with continuous change and 

more with the achievement of specific biological milestones. It indicates 

when the body becomes capable of performing adult functions. 



 

Maturation is most clearly observed in sexual maturation, such as the onset of 

puberty, development of secondary sexual characteristics, and reproductive 

capability. However, it also includes skeletal maturation (such as epiphyseal 

fusion of long bones), dental maturation (eruption and replacement of teeth), 

and neurological maturation (development of coordinated motor and 

cognitive control). 

Epiphyseal fusion refers to the process by which the growth plates of long 

bones gradually close, marking the end of linear growth in height. Growth 

plates, also called epiphyses, are regions of cartilage located at the ends of long 

bones such as the femur, tibia, and humerus. During childhood and adolescence, 

these plates allow bones to lengthen as new cartilage is formed and later 

converted into bone. 

 



 

As adolescence progresses, rising levels of sex hormones, especially estrogen 

and testosterone, accelerate the process of bone maturation. These hormones 

cause the cartilage in the growth plates to harden and transform into bone 

tissue. Once this transformation is complete, the epiphyseal plates fuse with 

the main shaft of the bone. 

After epiphyseal fusion, bones can no longer grow in length, although they may 

continue to increase in thickness. This process explains why height increase 

stops after adolescence. The timing of epiphyseal fusion varies between 

individuals and populations, reflecting genetic influence, nutrition, and 

health conditions, and is an important indicator of biological maturity in 

anthropology. 

 

Dental maturation refers to the process by which teeth develop, erupt, 

and reach functional maturity over the human life course. It is a key 

biological indicator used in anthropology because dental development follows a 

relatively regular and predictable sequence compared to other growth 

processes. Teeth begin forming during the prenatal period, when tooth buds 

develop within the jaws, even before birth. 



 

During infancy, the first set of teeth, known as deciduous or milk teeth, erupt. 

These teeth play an important role in chewing, speech development, and 

jaw growth. As childhood progresses, the jaws enlarge and prepare space for 

the next set of teeth. 

In late childhood, permanent teeth gradually replace milk teeth in a 

well-defined order. The timing of this replacement reflects both biological 

maturation and environmental conditions. Adequate nutrition supports 

timely eruption, while chronic illness or undernutrition may delay it. 

Dental maturation is considered less sensitive to environmental stress than 

skeletal growth, making it a reliable marker for estimating age in archaeological 

and forensic contexts. By adolescence, most permanent teeth have erupted, and 

dental maturation nears completion. Thus, dental development provides a stable 

window into growth, maturity, and life-history patterns in human 

populations. 

 



 

Neurological maturation refers to the gradual development and 

functional refinement of the human nervous system, especially the brain 

and spinal cord, from before birth through adolescence and into early adulthood. 

In simple terms, it explains how the brain becomes capable of controlling 

movement, thinking, emotions, and behavior in an increasingly organized 

way. 

Neurological maturation begins before birth, when brain cells (neurons) are 

formed in large numbers. This early process is called neurogenesis, meaning 

the production of nerve cells. After neurons are produced, they migrate to specific 

regions of the brain, where they begin to form networks. 

As the child grows, neurons establish connections with one another through 

structures called synapses. This process, known as synaptogenesis, allows 

brain cells to communicate. Early childhood is marked by rapid synapse 

formation, which supports learning, sensory perception, and motor coordination. 

 



 

Over time, the brain undergoes synaptic pruning, a process in which unused or 

weak connections are eliminated. This makes neural networks more efficient, 

helping the brain work faster and with greater precision. Pruning explains why 

early experiences are important—connections that are used are strengthened, 

while others are lost. 

Another key process is myelination, where nerve fibers are coated with a fatty 

substance called myelin. Myelin acts like insulation around electrical wires, 

allowing nerve signals to travel faster and more smoothly. Myelination 

continues from infancy into adolescence and is crucial for coordination, 

attention, and higher thinking. 

Neurological maturation also involves the development of different brain regions 

at different times. Areas controlling basic functions and movement mature 

early, while regions responsible for decision-making, emotional control, 

and reasoning mature later. This explains why children and adolescents differ 

from adults in judgment and impulse control. 

In anthropology, neurological maturation is seen as a biocultural process. 

Although brain development follows a biological sequence, environment, 

nutrition, learning, stimulation, and social interaction strongly 

influence how well the brain’s potential is achieved. Because of this, neurological 

maturation forms the basis of human learning, culture, and social 

behavior. 

II. Growth, Development and Maturation: 

Analytical Distinctions 

Dimension Growth Development Maturation 



 

Nature Quantitative Qualitative Functional 

readiness 

Measurement Height, weight, 

length 

Skills, behavior, 

cognition 

Biological 

milestones 

Reversibility Irreversible Progressive Irreversible 

Sensitivity Nutrition, disease Culture, learning Hormonal & 

genetic 

Anthropological 

Focus 

Variation & 

adaptation 

Biocultural 

integration 

Life-history 

timing 

III. Biological Mechanisms of Growth and 

Maturation 

1. Genetic Regulation 

Genes provide the basic biological plan for human growth and maturation. 

They set the upper and lower limits for traits such as adult height, body 

shape, and the general timing of maturation. However, genes do not work like a 

fixed instruction manual. Instead, they allow a range of possible growth 

outcomes, not one fixed result. 

Anthropology explains this flexibility using the idea of reaction norms. A 

reaction norm means that the same genetic makeup can produce different 

physical outcomes in different environments. In simple terms, how tall or 

well-developed a person becomes depends not only on genes but also on 

nutrition, disease exposure, and living conditions. 



 

This helps explain why genetically similar populations can show large 

differences in growth. Children raised in healthy, well-nourished 

environments usually grow closer to their genetic potential, while those living 

with poor nutrition or frequent illness grow less. This difference is not due to 

weaker genes, but because environmental stress limits the expression of 

genetic potential. 

2. Hormonal Control 

While genes set the potential, hormones act as the immediate or 

proximate regulators of growth and maturation. Hormonal systems translate 

genetic instructions and environmental signals into actual physiological change. 

They determine when growth accelerates, when it slows, and when 

maturation milestones are achieved. 

Among the most important hormones is growth hormone (GH), secreted by 

the pituitary gland. GH stimulates linear growth of bones and overall body 

size, particularly during childhood. Its effects are strongest during periods of 

rapid growth, such as infancy and adolescence. 

Growth hormone (GH) is a key chemical messenger that plays a central 

role in human growth, development, and maturation. In simple terms, 

growth hormone tells the body when and how much to grow. It is produced 

by the pituitary gland, a small but powerful gland located at the base of the 

brain, often called the master gland because it controls many other hormones. 

Growth hormone is released in pulses, not continuously, and its secretion is 

highest during childhood and adolescence, especially during deep sleep. 

Once released into the bloodstream, GH does not act alone. Instead, it stimulates 

the liver and other tissues to produce insulin-like growth factors (IGFs), 

which directly promote growth in bones, muscles, and organs. 



 

The most visible effect of growth hormone is on linear growth of long bones. 

GH stimulates the growth plates at the ends of bones, allowing bones to lengthen 

during childhood and adolescence. This is why adequate GH levels are essential 

for achieving normal height. GH also supports muscle development by 

increasing protein synthesis and reduces fat storage, helping shape body 

composition. 

 

Thyroid hormones play a crucial supporting role by regulating metabolic 

rate and skeletal maturation. They ensure that growth occurs in a 

coordinated manner, allowing bones and tissues to develop at an appropriate 

pace. Deficiency of thyroid hormones during childhood can severely impair both 

growth and cognitive development. 

Thyroid hormones are essential chemical messengers that play a 

fundamental role in human growth, development, and maturation, 

especially during prenatal life, childhood, and adolescence. In simple 



 

terms, thyroid hormones regulate how fast the body grows, develops, and 

uses energy. 

Thyroid hormones are produced by the thyroid gland, a butterfly-shaped gland 

located in the front of the neck. The two main thyroid hormones are T3 

(triiodothyronine) and T4 (thyroxine). These hormones influence almost 

every cell in the body by controlling the metabolic rate, which is the speed at 

which cells convert nutrients into energy. 

In relation to growth, thyroid hormones are crucial because they support the 

action of growth hormone. Even if growth hormone is present, normal growth 

cannot occur without adequate thyroid hormone levels. Thyroid hormones ensure 

that bones, muscles, and organs grow in a coordinated and timely 

manner. 

Thyroid hormones are especially important for skeletal maturation. They help 

cartilage in the growth plates to mature and turn into bone. When thyroid 

hormone levels are normal, bones grow in length and mature at the proper pace. 

When levels are low, bone growth slows and skeletal maturation is 

delayed, leading to short stature. 

Thyroid hormones are also vital for brain and neurological development, 

particularly during prenatal life and early childhood. They support the 

development of neurons, brain connections, and myelination. Deficiency during 

early life can result in permanent cognitive impairment, showing that some 

effects of thyroid hormones are irreversible. 

Insulin-like growth factors (IGFs) act as mediators of growth hormone 

activity. They promote cell division, tissue growth, and organ 

development, linking nutritional status directly to growth processes. When 

nutrition is inadequate, IGF activity declines, leading to slowed growth even if 

growth hormone levels are normal. 



 

Insulin-like growth factors (IGFs) are hormones that play a direct and 

essential role in human growth and tissue development. In simple 

terms, IGFs are the main messengers that actually carry out growth, 

while growth hormone gives the instruction. Without IGFs, growth hormone 

cannot fully produce its effects. 

There are two major IGFs: IGF-1 and IGF-2. Among these, IGF-1 is the most 

important for postnatal growth. IGFs are produced mainly in the liver, but they 

are also made in bones, muscles, and other tissues. Their production is strongly 

stimulated by growth hormone. 

IGFs promote growth by stimulating cell division and cell enlargement. 

They encourage bones to grow in length by acting on the growth plates, and 

they help muscles and organs increase in size. IGFs also support protein 

synthesis, which is necessary for building and repairing body tissues. 

Unlike growth hormone, whose release occurs in pulses, IGF levels remain more 

stable in the blood, making them reliable indicators of growth activity. 

Importantly, IGFs are highly sensitive to nutritional status. Adequate 

energy and protein intake increase IGF production, while undernutrition sharply 

reduces IGF levels. 

Sex steroids, particularly estrogen and testosterone, become dominant 

during adolescence. They are responsible for the pubertal growth spurt, 

development of secondary sexual characteristics, and eventual epiphyseal 

closure of long bones, which marks the end of linear growth. Thus, sex 

hormones not only accelerate growth but also determine when growth stops. 

3. Nutritional Inputs 

Among all environmental factors, nutrition is the most important 

influence on human growth and maturation. Proper nutrition supplies the 

energy, proteins, and micronutrients needed for cell growth, tissue formation, 



 

hormone production, and immune function. Without adequate nutrition, normal 

growth cannot occur, even if genetic and hormonal systems are healthy. 

Protein-energy deficiency causes problems such as stunting, where height is 

permanently reduced, and wasting, where body weight drops sharply. Lack of 

micronutrients like iron, iodine, zinc, and vitamin A affects not only 

physical growth but also brain development and immunity. 

Nutrition during prenatal life and early childhood is especially crucial. 

Undernutrition at these stages can permanently slow growth, delay maturation, 

and reduce adult height. These early losses cannot be fully corrected later, 

showing the importance of critical periods in human growth. 

4. Disease Load and Immune Stress 

Growth and maturation require a large amount of energy. In environments with 

a high disease burden, the body must choose between using energy for 

growth or for fighting infections. In such situations, more energy is diverted 

to immune defense and basic survival, leaving less energy for increase in height 

or timely maturation. 

As a result, children living in conditions with frequent infections, parasites, 

and poor sanitation often grow more slowly, remain shorter, and mature later. 

Even when food intake seems sufficient, repeated illness reduces nutrient 

absorption and raises energy needs, which further slows growth. 

Anthropology explains this through the idea of ecological constraints on 

growth. Growth patterns reflect not only food availability but the combined 

effects of nutrition, disease, and energy demands. Thus, reduced growth in 

high-disease environments represents adaptive energy allocation, not 

biological weakness or failure. 

IV. Stages of Human Growth and Development 



 

1. Prenatal Growth 

Prenatal growth begins at conception and continues until birth. It is the 

fastest and most biologically important phase of the human life cycle. This 

stage is divided into two parts: the embryonic period and the fetal period, 

each with different growth processes. 

During the embryonic period, there is rapid cell division, differentiation, 

and formation of organs. The basic structure of the body is laid down, and all 

major organs begin to develop. Because this is the first time these structures are 

formed, this period is highly sensitive to problems such as poor maternal 

nutrition, infections, harmful substances, and psychological stress. 

The fetal period is mainly a phase of increase in size and weight and 

further improvement in organ function. Most organs are already formed, but they 

grow rapidly and mature, especially the brain, lungs, and skeletal system. 

In anthropology, prenatal growth is important because it shows the idea of 

biological programming. Conditions inside the womb do not affect only birth 

outcomes; they can permanently influence health, growth, and 

reproductive ability later in life. A common indicator of prenatal growth is 

birth weight. Low birth weight is linked with shorter adult height, delayed 

maturation, lower muscle mass, and higher risk of metabolic 

diseases, showing that prenatal growth sets the course for the entire life span. 

2. Postnatal Growth Phases 

After birth, human growth and development proceed through a series of 

postnatal phases, each marked by distinct patterns of growth velocity, functional 

development, and environmental sensitivity. These phases reflect the uniquely 

prolonged and flexible nature of human development. 

A. Infancy 



 

Infancy is a stage of very rapid growth, second only to prenatal life. During 

this period, body weight increases quickly, and there is fast growth of the 

brain, nerve connections, and immune system. Because growth at this 

stage depends greatly on proper nutrition, infants are highly vulnerable to 

undernutrition and illness. 

Infancy is also a critical period for immune development. Breastfeeding, 

early diet, and exposure to infections strongly shape the strength of the immune 

system. At the same time, the brain grows rapidly, laying the neurological 

foundation for thinking, senses, and movement in later life. 

From an anthropological point of view, infancy shows the importance of 

caregiving systems, such as maternal health, feeding practices, and family 

support. Poor growth during infancy often leads to long-term physical and 

functional problems, showing that early postnatal life is a crucial and 

largely non-recoverable stage for healthy growth. 

B. Childhood 

Childhood is a phase of steady and stable growth. Growth is slower than in 

infancy, but it continues for a longer period. Height increases at a fairly constant 

rate, which makes childhood an important stage for identifying long-term 

nutritional and health conditions. 

This stage is marked by the strengthening of cognitive and motor abilities. 

Language skills become more advanced, physical coordination improves, and 

children gain better social understanding. Although physical growth is less rapid, 

functional development is very active. 

The social environment has a strong influence during childhood. Schooling, 

interactions with peers, cultural expectations, and assigned work all affect health 

and development. Anthropologists stress that childhood growth reflects not only 

biology but also social inequality, workload, and cultural practices. 



 

Because childhood lasts for several years, growth patterns during this stage often 

show long-term ecological stress more clearly than infancy. This makes 

childhood growth especially useful for comparing health and living 

conditions across populations. 

C. Adolescence 

Adolescence is a distinct and important stage of human growth and 

development. It is marked by the pubertal growth spurt, when growth in 

height and body size increases rapidly, followed by sexual maturation and the 

ability to reproduce. 

This stage involves major hormonal changes. Sex hormones stimulate fast 

skeletal growth, the development of secondary sexual characteristics, and 

finally the closure of growth plates, which ends height increase. The age at 

which these changes occur and their intensity differ greatly among individuals 

and populations, making adolescence a period of high variation. 

In anthropology, adolescence is especially important because it reflects 

life-history strategies. The timing of puberty depends on factors such as 

nutrition, disease burden, psychosocial stress, and energy 

availability. Early maturation is usually seen in well-nourished environments, 

while delayed maturation is common in conditions of long-term stress or poor 

health. 

V. Patterns and Models of Human Growth 

1. Generalized Growth Curve 

When human growth is shown on a graph, it follows a general S-shaped 

(sigmoid) curve. This curve shows the normal pattern of growth over 

time, with periods of fast growth and slow growth. 



 

Growth is very rapid in the earliest phase, starting before birth and 

continuing through infancy, because of intense cell division and organ 

development. This is followed by a long period of slow and steady growth 

during childhood, when height and weight increase gradually. The next key 

phase is the pubertal growth spurt in adolescence, when growth speed 

increases sharply due to hormonal changes. After this, growth slows down and 

stops once bones fully mature and growth plates fuse. 

For anthropologists, the value of this growth curve lies not only in the normal 

pattern but also in departures from it. When individuals or populations grow 

well below the expected curve, it often indicates long-term undernutrition, 

disease, or poverty. Changes in the timing or size of growth spurts may also 

show adaptation to environmental conditions. 

Therefore, the growth curve is more than a biological model. It is a tool for 

understanding stress, inequality, and living conditions. Delayed 

puberty, extended childhood growth, or early stopping of growth all provide clues 

about the ecological and social environment in which people grow. 

2. Sexual Dimorphism in Growth 

One of the most common patterns in human growth is sexual dimorphism, 

which means regular differences between males and females in growth 

rate, timing, and adult body size. Although boys and girls follow the same basic 

growth pattern, they grow at different speeds and reach different 

outcomes. 

Females usually enter puberty earlier and experience their growth spurt 

sooner. Because of this, girls are often taller than boys in early adolescence. 

Males, however, grow for a longer period and have a later but stronger growth 

spurt, which usually results in greater adult height and muscle mass. 



 

Anthropology explains these differences through sex-specific life-history 

strategies. Earlier maturation in females is linked to reproductive roles, while 

longer growth in males supports larger body size and strength, which have been 

important in many societies. 

Sexual dimorphism in growth is not the same everywhere. It changes with 

nutrition, disease levels, workload, and cultural practices. In poorly 

nourished populations, sex differences may be small because both boys and girls 

are equally limited. In other settings, practices like unequal food 

distribution, different workloads, or early marriage can increase 

differences between male and female growth. 

For anthropologists, sexual dimorphism shows how biology and culture work 

together, helping explain how social conditions influence biological growth 

outcomes. 

3. Secular Trends 

One of the most noticeable patterns in human growth studies is the secular 

trend, which refers to long-term changes in growth across generations. 

In many populations over the last century, people have become taller, children 

have grown faster, and puberty has begun earlier. 

These changes are usually linked to better living conditions, such as improved 

nutrition, lower disease levels, better sanitation, and access to healthcare. From 

an anthropological view, secular trends show the flexibility of human growth, 

proving that physical growth can change quickly without any change in genes. 

However, secular trends are not the same for everyone. Within a single 

society, different social groups may show very different growth patterns. 

Marginalized groups often show little or no improvement, while wealthier groups 

grow taller and mature earlier. This uneven pattern reveals biological 

inequality, where social and economic differences are reflected in the body. 



 

In recent years, some populations have shown a slowing or even reversal of 

these positive trends. Rising inequality, food insecurity, stress, and lifestyle 

changes contribute to this shift. These patterns remind anthropologists that 

growth trends depend on historical and social conditions, not steady or 

automatic progress. 

VI. Development as a Biocultural Process 

Human development cannot be separated from culture. Language acquisition, 

emotional regulation, and social competence develop through structured 

cultural environments, parenting styles, and educational systems. 

Anthropological evidence shows that: 

●​ Motor milestones vary cross-culturally 

●​ Cognitive development is shaped by learning ecology 

●​ Emotional development reflects cultural values 

Thus, development exemplifies gene–culture co-action. 
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