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DABAN SUMUYUNUN QiDA DOLIYININ ANATOMIK-TOPOQRAFIK
XUSUSIYYOTLORI: CORRAHI YOLUN SECIiMI VO FIKSASIYA UCUN oHOMIYYOTI

H.N.Hoduadze, O.V.Pelipenko
Poltava Tibb Universiteti, Poltava, Ukrayna

Xiilasa. Moqaloda insamin daban siimiiyiiniin miixtalif sathlarinda olan gida daliklarinin anatomik-
tapoqgrafik xiisusiyyatlorini dyronmak Vo onlarin miixtolif octeosintez konstruksiyalarmma uygunlugunu
giymatlandirmak maqsadila aparilmis tadgiqat isi haqqinda malumat verilmisdir. Todqiqat materiali olaraq
daban stimiiytiniin makropreparatlarindan va sxematik 3-D modellasdirilmadon istifada edilmisdir.

Tadgiqat gostormigdir ki, siimiiklorin lateral sathlorinda qida deliklorinin sayi daha ¢oxdur (iimumi
saydan 44,40%-2 qadar); miixtalif éigiilii daliklarin say nisbati miitonasib olmusdur: iri 6l¢iilii daliklar —
18,14+0,93%, orta dlgiiliilor —19,7+1,36%, xwrda olgiilor 15,3640,96%.

Miixtalif osteosintez konstruksiyalarinin, o ciimloQon klassik lateral daban l6vhalarinin, modellagdirilmis
mini-plastinlarin vo simiikdaxili stiftlorin miigayisasi aparilmis, onlarin damar manfasina potensial tasiri,
homginin yumsaq toxumalar: va stimiiklori zodoloma potensiali arasdrimisdir. Alinmis naticalor daban
stimiiklaring operativ miidaxila zamani angiosomal prinsipa riayat etmakla azinvaziv carrahi yol segilmasinin
maqsadauygun oldugunu gostarir; bu, yaralarin sagalmasi prosesinda agirlagma risklorinin azaldilmasina vo
smiglarin bitismasinin stiratlanmasine sarait yarada bilar. Miislliflarin fikrinca, todgigatdan alinmig naticalar
daban stimiiklorinin simqlarvun miialicasi zamam operativ miialica ii¢iin carrahi yolun daha samorali
secilmasing komak etdiyina gora praktik ahamiyyata malikdir.

Agar sozlor: daban siimiiyii, gida daliklori, angiosomlar, simglar, siimiikdaxili arteriyalar, azinvaziv
carrahiyya
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ANATOMICAL AND TOPOGRAPHICAL CHARACTERISTICS OF
NUTRIENT FORAMINA IN THE CALCANEUS: IMPLICATIONS FOR
SURGICAL APPROACH AND FIXATION

H.N.Hoduadze, O.V.Pelypenko
Poltava State Medical University, Poltava, Ukraine

The article presents a study aimed at performing an anatomical-topographical analysis of nutrient
foramina on various surfaces of the human calcaneus and assessing their relationship with different
osteosynthesis constructs. The materials included human calcaneal macroscopic specimens and schematic
3D modeling. The lateral surface demonstrated the highest concentration of foramina, accounting for
44.40% of the total. Among them, a relatively even size distribution was observed: large — 18.14+0.93,
medium — 19.07+1.36, and small — 15.36+0.96. A comparative evaluation of different osteosynthesis
constructs — including conventional lateral plates, pre-contoured mini-plates, and intramedullary nails —
was conducted to assess their impact on local vascular integrity and the potential trauma to both bone and
soft tissue structures. The findings support the use of minimally invasive surgical approaches aligned with
angiosomal principles, contributing to reduced risk of wound healing complications and improved fracture
consolidation. These results offer practical guidance for optimizing surgical access and fixation strategies in
the treatment of calcaneal fractures.
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Introduction

The calcaneus is a key component of the
musculoskeletal system, as it participates in
load distribution, provides foot stability, and
contributes to the formation of the foot arch.
The morphological variability of its articular
surfaces, ossification features, and pathological
changes significantly affect both static and
dynamic aspects of movement. Studying the
anatomical characteristics of the calcaneus is
important not only for fundamental morphology
but also for clinical practice, particularly in
orthopedics, traumatology, and podiatry [1-3].

Calcaneal fractures are relatively common
among hindfoot injuries, accounting for up to
60% of such injuries and approximately 2% of
all fractures in the musculoskeletal system.
These injuries have a notable socio-economic
impact, as nearly 90% of the affected
individuals are of working age [4,5].

Depending on the involvement of the
subtalar articular surfaces, calcaneal fractures
are classified as intra-articular or extra-articular.
Intra-articular fractures constitute more than
75% of all calcaneal fractures and are thus
associated with a high risk of complications
[6,7].

The primary treatment method for displaced
intra-articular fractures is open reduction with
internal fixation. Common postoperative comp-
lications include marginal skin necrosis at the
surgical approach site, prolonged wound
healing with superficial or deep infection,
delayed union or non-union with pseudoarthro-
sis formation.

The vascular supply of the calcaneus must be
taken into account when planning surgical
approaches to minimize vascular injury and
reduce the risk of impaired wound healing and
bone fragment consolidation. Considering the
anatomical and topographical features of the
nutrient foramina on the surface of the
calcaneus during preoperative planning may
improve treatment outcomes and accelerate
functional recovery of the injured segment.

Currently, there is a lack of practical
recommendations that consider the vascular
anatomy of the foot and the topography of
nutrient foramina on the surface of the
calcaneus in the context of selecting fixation
methods and planning surgical approaches.

The aim of this study is to analyze the
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nutrient vascular foramina on the surfaces of the
calcaneus, taking into account their topographic
and anatomical location, number, and size, with
the subsequent development of practical recom-
mendations for planning surgical approaches
and methods of bone fragment fixation.

Materials and Methods

To analyze the nutrient vascular foramina on
the surface of the human calcaneus, 18 anatomi-
cal specimens of human calcanei were selected
from the anatomical museum of Poltava State
Medical University. Four specimens were
excluded from the study due to pronounced
pathological changes or mechanical damage.
The final sample included 14 calcanei (8 right
and 6 left). The anatomical specimens consisted
of both isolated bones (h = 10) and bones
integrated within anatomical models of the foot
(n = 4). The age and sex of the individuals were
unknown.

To identify the nutrient vascular foramina on
the surfaces of the calcanei, all bone surfaces
were preliminarily cleaned of debris and
calcium deposits using standard injection
needles of various sizes.

Considering the small size of the areas of
interest, a Schweizer Tech-Line 4X desktop
magnifying glass with a glass lens was used for
adequate visualization and assessment. A digital
camera integrated into a mobile device in zoom
mode was employed for photographic and video
documentation. Upon locating the nutrient
foramina on the surface of the calcaneus,
photographs were taken (Fig. 1). To assess bone
dimensions, a calibrated digital caliper with
0.01 mm accuracy (length 150 mm) was used.
All measurements were conducted by the same
examiner. The size of the nutrient foramina was
evaluated using standard millimeter graph
paper.

The foramina were classified into three
size categories. Large foramina were those
clearly visible to the naked eye and occupied
at least one square of the millimeter grid
(approximately 1 mm? or larger). Medium-
sized foramina were those discernible at close
range or upon magnified inspection of
photographs, with dimensions ranging from
0.5 to 1 mm? based on comparison with graph
paper. Small foramina were detectable only
with the aid of a magnifying glass and
measured less than 0.5 mm? (Fig. 2).



Figure 1. Photographs of different surfaces of a human calcaneus anatomical specimen.
A — lateral surface; B — medial surface; C — inferior surface; D — superior surface.

Figure 2. Magnified photographs of nutrient foramina in various locations on a human calcaneus anatomical specimen.
A — lateral surface of the calcaneal tuberosity; B — area of the tarsal sinus; C — inferolateral surface of the calcaneal
body; D — lateral surface of the calcaneal body.
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The obtained results were analyzed using
methods of biomedical statistics, specifically
applying the non-parametric Mann—Whitney U
test, as the sample sizes were small and did not
follow a normal distribution. This statistical test
determines the significance of differences in the
distribution of a studied variable between two
independent samples when normal distribution
cannot be assumed. Differences were consi-
dered statistically significant at p<0.05. Data
analysis was performed using Microsoft Excel
2019 and IBM SPSS Statistics v.26.

To simulate the placement of nutrient vas-
cular foramina relative to various types of
osteosynthetic hardware, the computer appli-
cation Microsoft Paint 3D was used. Onto the
previously photographed surface of the calca-
neus, schematic representations of commonly
used fixation devices for surgical treatment of
calcaneal fractures were overlaid: angular-stable
AO-type calcaneal locking plates, pre-con-
toured angular-stable mini-plates, and intra-
medullary calcaneal nails.

Based on the constructed 3D model of the
calcaneus with marked points of interest, the
topographic relationship between the nutrient
foramina and the metal implants was analyzed.

Results

The analysis of nutrient foramina was
conducted on the lateral, medial, anterior,
posterior, superior, and inferior surfaces of the
calcanei. Given that the anterior surface of the
calcaneus is entirely covered with articular
cartilage, no nutrient foramina were identified

on this surface in any of the specimens. The
distribution and mean number of foramina
across the various surfaces in all anatomical
samples are presented in Table 1.

The highest number of nutrient foramina was
observed on the lateral and medial surfaces,
accounting for 44.4% and 24.4%, respectively.
On the lateral surface, the majority of foramina
were clearly concentrated in the region of the
calcaneal tuberosity (70.69%), whereas the
medial surface exhibited a more uniform distri-
bution, with 41.73% located in the posterior
projection and 58.27% in the anterior. A slightly
lower number of foramina was identified on the
superior and inferior surfaces, comprising
12.99% and 14.64%, respectively. The posterior
surface demonstrated the lowest incidence, with
only 3.12% of the total nutrient foramina
identified.

A comparison of the number of nutrient
vascular foramina in right and left calcanei
revealed no statistically significant difference
(U =29.5000; p =0.5177). As shown in Table
2, the distribution of foramina on both feet is
similar in terms of quantitative and topogra-
phic characteristics. According to the obtained
results, the highest density of nutrient for a-
mina is observed on the lateral and medial
surfaces of the calcanei, whereas the posterior
surface is the least densely supplied, followed
by the superior and inferior surfaces, res-
pectively.

Table 1. Distribution of Nutrient Foramina by Calcaneal Surface

Calcaneal surface Number of nutrient foramina (n) Percentage (%0)
Lateral 52,57 +2,67 44,40
Calcaneal tuberosity 37,21 +£2,01 70,69
Body and anterior part 15,36 +£ 0,84 29,31
Medial 29,00 + 0,70 24,84
Calcaneal tuberosity 12,14+ 0,59 41,73
Body and anterior part 15,36 £ 0,63 58,27
Superior 15,21 £ 0,39 12,99
Inferior 17,21 £ 1,08 14,64
Posterior 3,71+ 0,29 3,12
Total 117,71 £ 3,00 100
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Table 2. Comparative analysis of nutrient foramina on the surfaces of right and left calcanei

Calcaneal Right calcanei, mean Left calcanei, mean U | P-value
surface number by surface number by surface
n % n %
Lateral 52.38 £4.17 47,37 52,83 £3,29 49,28 21,5 | 0.9482
Medial 29,50 £ 1,05 27,28 28,33 £ 0,88 26,69 30,5 | 0.4350
Superior 15,00 £ 0,57 12,73 15,50 £ 0,56 13,34 18,5 | 0.5067
Inferior 18,00 £ 1,31 16,54 16,17 + 1,87 15,07 30,0 | 0.4718
Posterior 3,75+ 0,37 3,38 3,67+ 0,49 3,40 25,0 | 0.9467
Total 118,63 + 3,99 100,00 116,50 + 4,95 100,00 29,5 | 0.5177

The next stage involved the analysis of the
distribution of nutrient vascular foramina of
varying sizes across all examined surfaces of
the calcaneus. On the lateral surface, foramina
of different calibers were present in appro-
ximately equal proportions (18.14+0.93 large,
19.07+1.36 medium, and 15.36+0.96 small).
On the medial surface, large foramina predo-
minated (14.14+0.51), while medium and
small ones showed a similar distribution
(8.14+0.38 and 6.71 £0.45, respectively). The
superior surface of the calcaneus, according to
the analysis, exhibited a slight predominance of
large foramina over medium and small
(6.00+0.31, 443+0.31, and 4.79+0.32, res-
pectively). Notably, 100% of the large vascular
foramina on the superior surface were located
exclusively within the sinus tarsi. The inferior
surface of the calcaneus showed an even distri-
bution of foramina of all calibers (5.86+0.39
large, 5.29+0.49 medium, and 6.07+0.54
small). Regarding the posterior surface, large
foramina were rarely observed (0.43+0.14),
while medium and small ones were present in
roughly equal proportions (1.71+0.19 and
1.51+£0.27, respectively).

Discussion

Calcaneal fractures have a significant socio-
economic impact, as undiagnosed or
inadequately treated injuries directly contribute
to temporary or permanent disability.

Given that approximately 75% of such
fractures are intra-articular, most cases require
surgical intervention. It is well established that
anatomical reduction and stable fixation —
especially of intra-articular fragments — are
essential criteria for achieving a favorable and
predictable outcome.

The most commonly used surgical tech-
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niques involve direct anatomical reduction via a
lateral L-shaped approach or access through the
sinus tarsi, followed by fixation with locking
plates of various types and modifications.

It is known that the calcaneus receives its
primary blood supply from branches of the
posterior tibial and fibular arteries, which form
the so-called "calcaneal vascular network." In
their study, Andermahr et al. reported that
approximately 45% of the calcaneus’s blood
supply originates from the medial calcaneal
arteries (branches of the posterior tibial artery),
45% from the lateral calcaneal arteries
(branches of the fibular artery), and the
remaining 10% from the tarsal artery. The
results of the present study demonstrate a
similar pattern; however, the number of nutrient
foramina was slightly higher on the lateral
surface (44.40% compared to 24.84% on the
medial surface) [8,9].

According to other studies, the vascular
anatomy of the calcaneus closely correlates with
angiosome research and theories of regional
blood supply throughout the body. Based on
these data, it can be inferred that branches of the
calcaneal arteries also supply the surrounding
soft tissues, including the skin [10, 11].

These studies indicate that the lateral surface
of the ankle and foot, in the projection of the
calcaneus, contains two angiosomes: the dorsalis
pedis artery (DPA) angiosome, supplied by the
artery of the same name — a continuation of the
anterior tibial artery — and the lateral calcaneal
artery (LCA) angiosome, supplied by branches
of the fibular artery. The boundary between these
angiosomes is conventionally defined by a line
drawn from a point 1 cm below the tip of the
lateral malleolus to the base of the fifth
metatarsal bone. The medial surface of the ankle



and foot, in the region of the calcaneus, is the site
of overlap of three distinct angiosomes: the
medial calcaneal artery (MCA), the medial
plantar artery (MPA), and the lateral plantar
artery (LPA) angiosomes. These are supplied by
branches of the posterior tibial artery and provide
vascularization to the entire medial and plantar
surfaces of the foot [12, 13].

Thus, the maximal preservation of the
branches of the aforementioned arteries during
surgical interventions in the calcaneal region is
of utmost relevance and importance, as it
directly affects the rate and quality of healing of
both the soft tissues and the bone itself.
Accordingly, the surgical approach must be
gentle, well-planned, and involve a carefully
justified selection of fixation implants.

A detailed analysis of the lateral surface of
the calcaneus — since it is the main site for
implant placement — as well as schematic
modeling of implant positioning and their
interaction with the bone, leads to the
conclusion that classical calcaneal plates
provide excellent coverage of the majority of
the lateral surface. However, their implantation
typically requires wide exposure and thorough
preparation of the bone surface, making the
procedure predictably more traumatic for an
already injured segment. Based on practical
experience, it is often necessary to dissect the

postero-lateral and infero-lateral surfaces of the
bone to ensure proper plate positioning.
Therefore, considering the potential damage to
a significant proportion of nutrient vessels
during such an intervention, this may adversely
affect both wound healing and fracture con-
solidation (Figure 3 A, B).

Pre-contoured calcaneal mini-plates are
gaining increasing popularity. As demon-
strated in the figure, this type of implant does
not cover the entire surface of the bone, yet it
provides secure fixation of all major calcaneal
segments (Fig. 3C). Considering that implan-
tation of such a plate requires only a mini-
mally invasive approach to the sinus tarsi, its
use significantly reduces intraoperative
trauma to the nutrient vessels and surrounding
soft tissues. This aligns well with the angio-
some theory, as this surgical approach lies
along the border between the dorsalis pedis
artery (DPA) angiosome and the lateral calca-
neal artery (LCA) angiosome. Consequently,
vascular trauma is minimized, and soft tissue
healing potential is optimized. Based on our
own experience, the majority of calcaneal
mini-plate implantations can be performed
through an incision of up to 4 cm, with ad-
ditional small incisions used for distal screw
locking — similar to the minimally invasive
plate osteosynthesis (MIPQO) technique.

Figure 3. Schematic modeling of implant positioning and their relationship to the calcaneus.
A, B — classic lateral calcaneal plates; C — pre-contoured calcaneal mini-plate with angular stability;
D — intramedullary calcaneal nail.
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Calcaneal locking intramedullary nails are
currently less popular than locking plates,
primarily due to the higher cost of surgery
associated with the need for specialized
instrumentation and navigation  systems.
However, this fixation method is gaining
traction, particularly due to its minimal soft
tissue disruption, which promotes faster healing
and reduces the average hospital stay (Fig. 3D).
Recent studies and meta-analyses suggest that,
for certain fracture types, the stability of
fixation using locking nails is comparable to, or
even superior to, that of locking plates [12, 13].

However, the question remains open as to
how the implantation of such constructs affects
intraosseous blood supply - particularly
concerning the disruption of the so-called
“watershed zone,” where medial and lateral
intraosseous arteries meet and anastomose,
facilitating a balanced distribution of blood.
This region is highly vulnerable to ischemic

The term “watershed” is derived from
geographical terminology — just as a watershed
in terrain denotes the boundary between river
basins, in anatomy, it refers to the borderline
between vascular territories. Currently, there is a
lack of sufficient research on the impact of
intramedullary implants on intraosseous perfu-
sion, and therefore, the question of potential
impairment of fracture healing (consolidation)
in this context remains unresolved.

Conclusions

The obtained data confirm the advisability of
using minimally invasive surgical approaches
that correspond to the angiosome principle,
which contributes to reduced trauma to the
nutrient vessels, the majority of which are
located on the lateral surface of the bone, and
also helps decrease the risk of complications in
wound healing and fracture consolidation. The
presented results have practical significance for
the rational choice of surgical approach and

damage

during surgical interventions or fixation method in the treatment of calcaneal

traumatic injuries [14]. fractures.
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AHATOMO-TONOTI PAOMYECKHUE OCOBEHHOCTHU MU TATEJBHBIX OTBEPCTHM
MATOYHOM KOCTHU: 3HAYEHUE JIJISI BBIBOPA XUPYPITMYECKOI'O JIOCTYIIA U
POUKCAIIMN

I'H.I'onyanze, O.B.Ileaunenko
THonmasckuii 2ocyoapcmeennbiii MeduyuHckull yHugepcumem, Ilonmasa, Yxkpauna

Pe3rome. TlpencraBneHsl pe3yabTaThl HCCIIEAOBAHNUS, IPOBEICHHOTO C IEIbI0 aHATOMO-TOMOTpaduIecKOro
aHaJM3a MUTATEJIbHBIX OTBEPCTHH Ha PAa3IUYHBIX MOBEPXHOCTSIX IISITOYHOM KOCTH YENOBEKAa M OLIEHKE UX
COOTHOLICHUSI C PA3TUYHBIMH KOHCTPYKLMSIMH OCTEOCHHTE3a. Marepualibl BKIIIOYATIM MaKpOIpenaparsl
MATOYHON KOCTU U cxemarudeckoe 3D-monenupoBanue. HanGosbias KOHIIGHTpALMs OTBEPCTHH BBISBICHA
Ha JjarepaibHOM moBepxHocTH — 44,40% oT oOmiero konuyecTBa. Cpeau HUX OTMEUEHO PaBHOMEPHOE
pacrpeneneHue no pasMmepam: kpynueix — 18,14+ 0,93, cpeguux — 19,07 £ 1,36, menkux — 15,36 £0,96.
[IpoBeneHO CpaBHUTENBHOE HCCIIEAOBAHNE PA3IMYHBIX KOHCTPYKIHUH OCTEOCHHTE3a, BKIIIOUAs KIaCCHUECKUE
JIaTCpAJIbHBIC IIATOYHBIC INIACTUHBI, IMTPOMOACIUPOBAHHBIC MUHU-TUIACTHUHBI U BHYTPHUKOCTHBIC IHTI/I(bTI)I, C
TOYKH 3PEHHUs] MX MOTEHLMAJIbHOTO BIMSIHUS HAa COCYQHCTOE PYCIO M TPaBMAaTH3ALMI0 MATKHUX TKaHEW U
KOCTHOU CTPYKTYyphl. IlodydeHHblEe AaHHBIE MOATBEPXKAAIOT LEJIeCO00Pa3HOCTh MCHOIb30BaHNUS MAJOMHBA-
3UBHBIX JOCTYIIOB, COOTBETCTBYIOIINX aHTMOCOMAJIbHOMY IIPUHLMILY, YTO CHOCO6CTByeT CHMXCHUIO pUCKa
OCJIOKHEHUM 3aXHUBJIICHHS pPaH M KOHCOJMMJAUMU IepenoMoB. IIpencraBieHHblE pe3ynabTarbl UMEOT
MPAaKTUUECKOE 3HAYEHHE /ISl PallMOHAJIBHOTO BHIOOpa XMPYPruuecKoro J0CTyna U crnocoda ¢pukcaunu npu
JICYSHHUH TIePETIOMOB TISITOYHOH KOCTH.
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