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Abstract Identification and diagnosis of Harris lines
(HLs) is usually achieved using radiography. To date, histological methods have been mainly implemented in research
exploring the underlying processes of HL deposition using
longitudinal sections taken from animal bone. Here, a new
insight into HL formation is provided following transverse
histological sectioning in a human specimen. A distinct HL
was identified macroscopically, and from a radiograph, in
a left distal tibia taken from an adult human male. Transverse sections were taken through the HL, and also from
trabeculae immediately superior and inferior to the HL.
Thin sections were produced following standard histological procedures. Micrographs were captured using a digital
microscope camera. Trabeculae immediately superior and
inferior to the HL displayed no indication of abnormal
growth, exhibiting abundant osteocyte lacunae and a lamellar structure. However, the micro-anatomy of the HL was
characterised by the following three main features: (1)
non-lamellar appearance, (2) a complete lack of osteocyte
lacunae, and (3) presence of irregularly distributed tubular
structures. These three histological features indicate a specific process of bone deposition, implying that trapping of
osteoblasts may not take place during HL formation. Pictorial and descriptive records of HL histology are provided,
aiding current understanding about the nature of HL, its
identification from histology, and serving as a reference
point for future comparative research.
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Introduction
Harris lines (HLs) are transverse densely mineralised structures that form in long bone metaphyses and sometimes
preserve in epiphyses following growth plate movement
[1]. They are usually diagnosed from X-ray images where
they appear as radiopaque lines [2–4]. Early studies utilising animal bone established that HLs are produced during
cartilaginous growth executed by teams of (cartilage building-) chondrocytes and (bone depositing, cartilaginous
framework dependent-) osteoblasts [5]. When this co-operation is temporarily disrupted, chondrocyte activity slows
down or ceases, but osteoblasts continue matrix deposition,
forming a densely mineralised layer. Due to separate regulatory mechanisms that control the two types of cells, the
layer undergoes thickening as chondrocytes develop and
proliferate until bone growth stabilises again [5].
The aetiology of HLs (or definition of the above mentioned “disruption”) remains enigmatic [6], with some
research suggesting HL formation in response to pathological physiological stress, e.g., [7, 8], and other studies implying a non-pathological nature, e.g., [9–11]. It is
now well established that a severe episode of stress (e.g.,
malnutrition, disease) is likely to lead an organism to
temporarily abandon or slow down skeletal growth during maturation [12, 13]. Over the past few decades, this
has led researchers to explore the relationship between HL
occurrence and disease in children and adults with diabetes or chicken-pox [1], with a decreased stature [14], having experienced malnutrition [15, 16], having experienced
unfavourable ecological environmental changes [17], or
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Fig. 1  a Radiographic lateral view of the male’s left distal tibia displaying distinct HLs. b Radiographic posterior view of the male’s left
distal tibia displaying distinct HLs. c Distal tibial fragment removed
for later epoxy resin embedding and sectioning. The arrow indicates

the HL selected for histological analysis. d Close-up of the selected
HL, where partial resorption (due to bone remodelling) of the HL is
noted

who are from poor hygiene and living conditions [7, 18];
and growing malnourished or diseased animals (e.g., rabbits, rats, and pigs [5, 19]). Harris lines have therefore
been long treated as non-specific indicators of physiological stress [20]. However, it has also been suggested that
this link is not straightforward [10], following reports of
HL occurrence in both unhealthy and healthy growing
children [9], and an argument that the saltatory (i.e., proceeding by abrupt movements of growth episodes) process
of long bone growth is naturally characterised by HL formation [8] (e.g., as seen in the human tibia which follows
a velocity curve marked by fluctuations in tissue growth
with increasing age [21]).
Given that the present knowledge of HL anatomy has
been vastly based on radiographic methods in humans and
longitudinal sectioning performed on animal specimens,
new insights into HL formation are required from a different methodological angle to guide future developments in
establishing HL aetiology. Results of a case study that presented an opportunity to examine the transverse histology
of a well preserved HL identified in a human distal tibia
are reported in this rapid communication. As there are currently no pictorial records of HL transverse micro-anatomy
available in the literature, the aims of this study were to:

Materials and methods

1) Describe the key histological features observed in
transverse sections of a human HL.
2) Provide a pictorial record for future reference.

A middle-aged (anthropological age category of
35–50 years old [22]) adult male whose left distal tibia displayed distinct HLs in a radiograph (Fig. 1a, b; [23]) was
the subject of the present analysis. The specimen belongs
to a modern human British skeletal archaeological collection [24] curated in the Human Osteology Research
Laboratory in the School of Anthropology and Conservation (University of Kent, Canterbury, UK). As the male’s
remains do not derive from a forensic context, the examination undertaken on his tibia follows official codes of ethics and practice (BABAO 2008 [25], 2010 [26] AAA 2012
[27], AAPA 2003 [28]), as well as guidelines for invasive
sampling (English Heritage 2013; [29]).
The most distal-lateral tibial fragment measuring
approximately 2.5 cm by 5.0 cm (Fig. 1) was removed,
embedded in epoxy resin, and sectioned following standard
methods [30]. Histological examination focused on the following three main regions (Fig. 2a): (1) immediately superiorly to the selected HL, (2) through the HL, and (3) immediately inferiorly to the HL. Sectioning proceeded within
the most lateral (approximately 2.5 cm-long distance) area
to the periosteum. Microscope slides were examined under
a high-powered microscope (at a magnification ranging
20–60×); micrographs were captured using an Olympus
DP25 digital microscope camera and assembled into montages in CELL® Live Biology Imaging software.
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Fig. 2  a Radiographic view of the lateral distal tibial aspect displaying HLs. The arrows indicate bone regions examined histologically. b
Montage composed of six transverse micrographs captured at a ×20
magnification [one region of interest (ROI) = ~ 2.24 mm2], representing trabeculae immediately superior to the HL. c Montage composed of
nine transverse micrographs captured at a ×20 magnification, representing micro-anatomy of the HL. d Montage composed of nine transverse
micrographs captured at a ×20 magnification, representing trabeculae
immediately inferior to the HL. e Transverse micrograph (×20) of tra-
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beculae immediately superior to the HL, showing a lamellar (L) structure
and osteocyte lacunae (OL). Image e1 shows osteocyte lacunae magnified
×60 (ROI = ~ 61,900 μm2). f Transverse micrograph (×20) of the HL. A
non-lamellar structure, the absence of osteocyte lacunae, and the presence
of tubular structures are evident. Image f1 (×40, ROI: ~ 130,000 μm2)
shows the tubular structures are irregular and randomly aligned. g Transverse micrograph (×20) of trabeculae immediately inferior to the HL.
As observed in images b, e, and e1, lamellar (L) structures and osteocyte
lacunae (OL) are identified. Image g1 shows osteocyte lacunae (×60)
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Results
Trabeculae immediately inferior and superior to the HL
exhibited no abnormal alterations displaying numerous
osteocyte lacunae and a lamellar structure (Fig. 2b, d, e,
e1, g, g1). Due to the dry condition of the examined specimen, the micro-anatomy of osteocytes and other bone cells
cannot be explored and commented on, as empty osteocyte
lacunae (used here as a relative proxy for osteocytes [31])
are the only surviving cell-related features. The histology
of the HL was easily distinguished from these two regions
by the following three key characteristics: (1) non-lamellar
structure (Fig. 2c, f), (2) a complete lack of osteocyte lacunae (Fig. 2f), and (3) the presence of numerous irregularly
distributed tubular structures (Fig. 2f, f1).

Discussion
The reported three histological features relate to bone
biology from the viewpoint of skeletal growth. Firstly, as
adult trabecular bone contains lamellar layers composed
of tightly aligned collagen fibres [32] (Fig. 2e) that differ from compact bone lamellae (concentric, interstitial
or circumferential layers) by being organised into parallel
sheets, the absence of such structures in the HL indicates
a specific process of bone deposition by osteoblasts during HL formation. This is further supported by the second
identified feature, i.e., a complete lack of osteocyte lacunae in the HL, which are normally present in anatomically
non-altered bone [33]. Whilst it was not possible to examine osteocytes and osteoblasts in this study, the presence
of osteocyte lacunae in the trabeculae immediately superior and inferior to the HL imply involvement of these two
groups of cells in bone metabolism (tissue deposition and
maintenance by osteoblast-osteocyte conversion). Evidence
of these processes is absent from the HL histology indicating no trapping of osteoblasts within the matrix. This
observation may be explained by the dense mineral content of HLs, which is thought to be a result of continuous
and rapid osteoid deposition and mineralisation by osteoblasts during HL formation [34]. Consequently, the finally
reported presence of tubular structures unevenly distributed across the HL surface reflects the unusual manner of
HL deposition, confirming the finding from a recent three
dimensional study [35] where membranous HL structures
were identified using scanning electron microscopy.
While several limitations pertain to the present study, the
described specimen offered a unique opportunity for examination of an HL that is well preserved and suitably thick for
performing transverse histological sectioning. As HLs form
during skeletal maturation [3], they are expected to become
erased by bone biological processes (such as modelling and
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remodelling, which are most active during growth), but,
here, only partial resorption was noted (Fig. 1d), indicating
that the preserved HL was most likely laid down during the
male’s child/teenage years [11, 21], confirming HL survival
into adulthood. The difficulty of accessing human specimens
with distinct HLs is evident in skeletal biology research [3],
and whilst the present study is based on one sample, it contributes new histological insight into current understanding
of HL anatomy. Finally, the dry condition of the specimen
that may have affected (diagenetically and taphonomically)
histo-structures is accounted for by providing microscopic
comparisons between the HL and immediately superior and
inferior trabeculae. No additional gross anatomical or morphometric evaluation of the tibia, except for the macroscopic
and radiographic HL identification, was deemed necessary
as it had been previously shown that long bone morphology
is not affected by the presence of HLs [36]. The provided
pictorial and descriptive records of HL histology can aid
(non-remodelled) HL identification from transverse histological sections in adult bone, contribute to and expand current
understanding of HL micro-anatomy, and be used as a reference point in future comparative research.
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