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Definition of sustentacular screw length based on
computed tomography  measurements  for
calcaneus intraarticular fracture surgery
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ABSTRACT

Objective: It was aimed to define radiologically the length of the sustentacular
screw for guidance of calcaneus intraarticular fracture surgery.

Materials and Methods: In this radiological measurement study, computed
tomography (CT) images of 200 (100 males, 100 females) patients who underwent
multidetector lower extremity CT were investigated. CT axial sections were
subjected to coronal and sagittal multiplanar reconstruction. The longest
calcaneal diameters in the axial, sagittal, and coronal planes were measured. The
distance between the standardized entry point of the screw on the lateral wall of
calcaneus and the sustentaculum tali was measured.

Results: Mean age was 42.31 + 13.64 years (minimum, 18 years; maximum, 82
years). The distance from the determined point on the lateral wall to the
sustentaculum tali (LSA) was measured along the axial plane and was 46.08 +
4.34 mm in males and 41.37 + 2.97 mm in females. The distance between the
lateral wall and the sustentaculum tali (LSC) in the coronal plane was 50.15 + 3.89
mm in males and 43.65 + 3.50 mm in females.

Conclusion: If mean community values are available, evaluation of screw length
and calcaneal morphometry using preoperative images will enhance surgical
success.
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Amag: Calismada kalkaneus intraartikiiler kiriklari cerrahisinde kullanilan
Can DOl'llk"BASA sustentakuler vidanin boyunun radyolojik olarak belirlenmesi amaclanmuistir.
Saglik Bilimler UnlverS|tes.|, Tepecik E.gltlm Gereg¢ ve Yontem: Bu radyolojik ol¢tim calismasina, alt ekstremite bilgisayarl
ve Aragtirma Has:tanesh Ortopedi  ve tomografisi (BT) ¢ekilmis olan 200 hasta (100 erkek, 100 kadm) dahil edildi.
Travmatoloji Klinigi, Izmir Aksiyel BT kesitleri goriintiileri, koronal ve saggital multiplanar rekonstriikte
Dhttps://orcid.org/0000-0003-1300-7685 edildi. Kalkanusun aksiyel, koro.nzfll ve saggital plandgki en uzun mes.afe.si
olctildii. Ayrica sustentakulum talinin en ¢ikintili noktasi ile standardize edilmis
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noktasi ile standardize edilmis kalkaneus lateral duvarindaki nokta arasimdaki
mesafe koronal ve aksiyel planda olctildii.

Bulgular: Olgiim yapilan BT lerin ait oldugu kisilerin ortalama yast 42,31+13,64
(minimum, 18; maksimum, 82) idi. Aksiyel planda kalkaneustaki vidanin giris
yerine ait olan lateral duvar noktasi ile sustentakulum tali arasindaki mesafe
(LSA) erkeklerde 46,08+4,34 mm ve kadinlarda 41,37+2,97 mm idi. Koronal
planda kalkaneustaki vidanin giris yerine ait olan lateral duvar noktas1 ile
sustentakulum tali arasindaki mesafe (LSC) erkeklerde 50,15+3,89 mm ve
kadmlarda 43,65+3,50 mm idi.

Sonug: Topluma ait ortalama dl¢timlerin bilinmesi durumunda, ameliyat éncesi
yapilacak olctimlerle birlikte hesaplanacak sustentakuler vida uzunlugu ve
morfometrik ol¢timler cerrahinin basarisini arttiracaktir.

Anahtar Sozciikler: kalkaneus, sustentakuler vida, morfometri, popiilasyon,

travma

Calcaneal fractures constitute 1-4% of all adult bone
fractures (1, 2). Both conservative and surgical treatments
are available. The surgical treatments include percutaneous
screwing, pin fixation, and open reduction osteosynthesis
with plates and screws; all have their advantages and
disadvantages (3). Conservative treatment can be applied
in non-displaced fractures or in patients with comorbidity,

in selected cases with smoking (4, 5).

Although open reduction and plate osteosynthesis

via a lateral approach is commonly employed,
percutaneous fixations may be more appropriate give the
frequent skin complications (6, 7). The aims of surgery are
to preserve calcaneal length, correct any hind leg varus and
the Bohler angle, and reduce the subtalar joint (2). Although
optimal reduction is impossible when the fracture
fragments are very small, the best possible reduction is the

principal goal.

As the quality of fracture reduction increases over
time, so do the clinical success rates. An important indicator
of fixation reliability and adequacy after reduction is the
stabilization of the medial fragment (8). Such fixation is
usually achieved using one or two screws running laterally
to the sustentaculum tali. The screws can be delivered from
the plate or the lateral wall. The sustentaculum tali is very
small; this fact, combined with the complex three-
dimensional structure of the calcaneus, means that laterally
applied screws do not always adequately engage the

sustentaculum tali (8, 9).

The placement of sustentacular screws is rather
challenging. One problem is possible screw penetration of
the subtalar joint (10). Another problem is irritation of
medial structures by long screws that penetrate the
sustentaculum tali. In such a case, fracture reduction is
indeed stable, but the medial anatomical structures are
irritated. It is not always possible to evaluate medial

penetration during surgery (11).

The calcaneus bone exhibits a complex structure.
Morphological and morphometric between-sex differences
in various populations have been reported. Forensic
anthropological evaluations facilitate sex assessments. In
previous studies, the morphometric between-sex calcaneal
data differed by >90% (12-14). A Turkish study found that
calcaneal morphometric values varied by 96-100% between
sexes (15).

It was aimed to radiological definition the length of
the sustentacular screw in order to guidance of calcaneus

intraarticular fracture surgery.
MATERIALS AND METHODS

This study is radiological in nature. Computed
tomography (CT) angiography images of 200 patients who
underwent multidetector lower extremity CT in our
institution from January 2015 to January 2019 were
reviewed retrospectively to determine the sustentacular
screw length. Patients were referred for lower extremity CT
angiography because of peripheral vascular pathology. CT

was performed on the left, lower extremities of 100 males
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and 100 females aged >18 years. Patients with foot and
ankle fractures or deformities, those who had previously
undergone surgery, and those with osteomyelitis were

excluded. The age and sex of each patient was recorded.

CT was performed using a 128-slice CT scanner
(SOMATOM  Definition Edge, Healthcare,

Erlangen, Germany). Scan parameters were 100 kV, 208

Siemens

mA, section thickness 1 mm, and reconstruction interval 0.6

mm.

All data were transferred from the archive to a
workstation (Aquarius workstation, TeraRecon, San Mateo,
CA, USA) via internal network connections, providing
MPR images. All measurements were performed by one
orthopedic surgeon with 10 years of experience and one

radiologist with experience in musculoskeletal radiology.

CT axial sections were subjected to coronal and
sagittal multiplanar reconstruction (MPR). The longest
calcaneal diameters in the axial, sagittal, and coronal planes
were measured. The screw entry site determined by Olexa
et al. (16) was marked in coronal and axial planes. The
between the and the

distance determined point

sustentaculum tali was measured (Figure 1 a, b).

la-b. Distance between lateral wall and

Figure

sustentaculum tali in axial plane CT (LSA) (a) Distance
between lateral wall and sustentaculum tali in corone plane
CT (LSC) (b)

Statistical Package for the Social Sciences (ver. 17,
SPSS Inc., Chicago, IL) software was used for all statistical
analyses, and p <0.05 was considered to denote statistical
significance. Between-sex continuous variables were

compared using the Student’s t-test.

The protocol for collecting the CTA images of
human subjects was approved by the Izmir Tepecik
Training and Research Hospital Clinical Research Ethics
Committee (08.05.2019/8-2) and the study was conducted in
accordance with the standards of the Declaration of
Helsinki (Finland).

RESULTS

We evaluated 100 male and 100 female patients with
mean age 42.31 * 13.64 years (minimum, 18 years;
maximum, 82 years). The maximum calcaneal length along
the axial plane (CA) was 43.55 + 3.54 mm in males and 39.33
+3.11 mm in females. The maximum calcaneal length along
the sagittal plane (CS) was 79.68 + 5.27 mm in males and
71.61 + 5.27 mm in females. The maximum calcaneal length
along the coronal plane (CC) was 46.35 + 3.40 mm in males
and 40.78 + 3.46 mm in females (Table 1).

Table 1. Maximum lengths of calcaneus in axial, sagittal

and coronal multiplanar reconstruction views on CT.

. Male 43.55 + 3.54 mm
Calcaneus Axial (CA)

Female 39.33+3.11 mm
. Male 79.68 +5.27 mm

Calcaneus Sagittal (CS)
Female 71.61 £5.27 mm
Male 46.35 + 3.40 mm

Calcaneus Coronal (CC)
Female 40.78 +3.46 mm

The distance from the determined point on the
lateral wall to the sustentaculum tali (LSA) was measured
along the axial plane and was 46.08 + 4.34 mm in males and
41.37 £2.97 mm in females. The distance between the lateral
wall and the sustentaculum tali (LSC) in the coronal plane
was 50.15 = 3.89 mm in males and 43.65 + 3.50 mm in
females. We sought correlations between the CA and LSA
data. A significantly high correlation was apparent
(r=0.806; p=0.000). We examined the relationships between
LSA and CC, as well as LSA and CS. Both LSA and CC as
well as LSA and CS were significantly and moderately
correlated (r=0.631 and 0.539, respectively; both p = 0.000).
We also examined the relationship between CA and LSC.
Both measures were moderately correlated (r = 0.677; p =
0.000). CS and LSC were moderately correlated (r = 0.610; p
= 0.000), whereas CC and LSC were highly correlated (p =



206 Definition of sustentacular screw length for calcaneus intraarticular fracture surgery

0.910 and 0.000, within and between sexes, respectively)
(Table 2). CA and LSA were significantly associated (p =
0.000; t-test), as were CS and LSA (p = 0.000). Conversely,
CC and LSA were not significantly associated (p = 0.551).

Table 2. Correlations of LSC and LSA measurements with
CC, CA and CS measurements.

CA CS CcC

Correlation
. 0.806 0.539  0.631
LSA coefficient
Significance 0.000  0.000  0.000
Correlation
0.677 0.610 0.910
LSC coefficient
Significance 0.000  0.000  0.000

CA: calcaneus axial; CS: calcaneus sagittal; CS: calcaneus coronal;
LSA: distance between lateral wall and sustentaculum tali in axial
plane; LSC: distance between the lateral wall and sustentaculum

tali in coronal plane
DISCUSSION

Open reduction and internal fixation are frequently
used to treat calcaneal fractures. Reduction quality greatly
affects the long-term clinical outcomes (3). If the lateral
approach that is frequently used to repair displaced
articular calcaneal fractures is employed, appropriate
sustentacular screw positioning during reduction of the
subtalar joint is very important in terms of reduction
continuity and stability (9, 17). Several guides for
appropriate screw orientation have been published but are
not often used (18, 19). It is essential to know the anatomy
and morphometry of calcaneus to ensure that the
sustentaculum tali is aimed well by screws (20). Even
experienced surgeons may orient screws inappropriately.
An understanding of morphometric values and within-
population variations thus decreases the chances of errors.
Hence, we seek to guide surgeons here by reporting the
coronal and axial plane distances between the lateral cortex

and the sustentaculum tali in a Turkish population.

At present, suggested mean sustentacular lengths
for the treatment of calcaneal fractures are not unavailable
in the literature. As such, our present Turkish data are
useful. The mean LSA was 46.08 + 4.34 mm in males and
41.37 £ 2.97 mm in females, and the mean LSC was 50.15 +

3.89 mm in males and 43.65 + 3.50 mm in females. Surgeons

should consider these measurements; if the screw chosen
after drilling is too short, it will not engage with the
sustentaculum tali, and reduction stability will be poor. If
the screw is too long, the fracture will be inadequately
reduced, or the screw will penetrate the bone and irritate

the medial structures.

We measured the maximum axial, coronal, and
sagittal lengths of the calcaneus. The relationships between
these measurements and the axial plane distance between
the lateral wall and the most medial part of the
sustentaculum tali were analyzed. CS and CA were
significantly associated with LSA and LCA, whereas CC
did not exhibit significant associations with these lengths.
Thus, morphometrically, coronal plan measurements do
not yield correct sagittal and axial calcaneal lengths.
Therefore, preoperative morphometric evaluations should

be used to determine the optimal surgical method.

Our work had

measurements were taken using calcaneal CT scans of

certain limitations.  All
patients who lacked fracture and operation histories. In
addition, all

reconstructed images. As measurements were not 3D

measurements were made on MPR-
reconstructed views, we could not measure angle between
axis of calcaneus and screw. As patients operated upon to
treat calcaneal fractures included sustentaculum tali were
not included, we could not explore the relationship

between reduction quality and screw length.

We examined calcaneal morphometry from an
orthopedic surgical perspective to predict the optimal
lengths of sustentacular screws for Turkish patients. If
mean community values are available, evaluation of screw
length and calcaneal morphometry using preoperative

images will enhance surgical success.
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