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Fig. 2: Medio-lateral radiograph of the left antebrachial region of a
four-month-old Murbodner Blondvieh calf showing a sequestrum on
the cranial aspect of the radius, which is only demarcated from the
vital by a small radiolucent line. The radiolucent line does not extend
to the cranial surface of the compacta. At this stage, the demarcation
is not yet sufficient for a successful sequestrectomy. / Medio-laterale
Réntgenaufnahme der linken Unterarmregion eines vier-Monate alten
Murbodner Blondvieh Kalbes; der Sequester kranial am Radius ist
zwar vom vitalen Knochen durch eine dinne Aufhellungslinie ab-
gegrenzt, die Aufhellungslinie reicht aber nicht bis an die kraniale
Kompakta des Radius. Dieses Stadium der Demarkation ist jedoch fiir
eine erfolgreiche Sequestrektomie noch nicht ausreichend.

finding as no wound or swelling was clinically detectable
on the radius (Fig. 2).

The third animal, a three-year-old Fleckvieh cow, had
a sequestrum in the pedal bone of the medial claw of
the right forelimb that resulted from a penetrating inju-
ry caused by a nail. This cow also had a white-line ab-
scess in the lateral claw of the left hindlimb and chronic
Staphylococcus aureus-mastitis. Due to the impact of
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Fig. 3: Oblique, dorsolatero-plantaromedial radiograph of the meta-
tarsal region of the four-year-old Fleckvieh cow in Figure 1 showing
a clearly demarcated sequestrum dorsally and moderate periosteal
bone / Oblique, dorsolaterale-plantaromediale Réntgenaufnahme
der Metatarsalregion der 4-Jahre alten Fleckvieh-Kuh aus Abb. 1 mit
einem deutlich demarkierten Sequester dorsal und mittelgradiger peri-
ostaler Knochenproliferation

the diseases on multiple organ systems and for eco-
nomic reasons, the cow was not treated but was euth-
anized after diagnosis.

Results for treated animals

Treatment was performed in 21 (87.5 %) patients,
with sequestrectomy performed on 19 (90.5 %) ani-
mals (Fig. 6d). In the remaining two (9.5 %) animals,
the bone sequestra were so small that self-resorption
was awaited under accompanying systemic antibiotics.

Treatment was successful in 16 patients (76.2 %).
One of the 16 animals was a calf with two bone se-
questra on the right metatarsal bone, which showed un-
disturbed healing after the sequestrectomy. Half (50 %)
of group 1 with small sequestra (<2.5 cm), 83.3 % of
group 2 (size from 2.6 to 4 cm) and 72.7 % of group
3 (>4 cm) were discharged after successful treatment.
Five (23.8 %) of the 21 treated animals were eutha-
nized due to complications during treatment.
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Fig. 4a,b: Latero-medial (a) and dorso-plantar (b) radiographs of the right metatarsal region of a four-month-old Fleckvieh calf showing a clearly
demarcated sequestrum cranially on the proximal metatarsal bone and several periosteal growths. The trauma that initiated the alterations in
this calf occurred eight weeks previously. / Latero-mediale (a) und dorso-plantare (b) Réntgenaufnahmen der rechten Metatarsalregion eines 4
Monate-alten Fleckvieh-Kalbes mit einem deutlich demarkierten Sequester kranial am proximalen Metatarsus sowie hochgradigen periostalen
Zubildungen. Das urséchliche Trauma lag bei diesem Kalb bereits 8 Wochen zurtick.

Postoperative complications

In six of the 21 treated animals (28.6 %), further sur-
gical interventions were necessary after sequestrecto-
my to remove infected bone parts that were not ad-
equately demarcated during the initial surgery. Three
animals (14.3 %) required one additional bone curet-
tage, one animal (4.8 %) required two and two animals
(9.5 %) required three. One of them was an alpaca that
had a total of three sequestra on two cannon bones.
Despite the additional procedures, all six patients had
successful outcomes.

Five patients (23.1 %) had to be euthanized during
treatment. Two animals (9.5 %) experienced a frac-
ture of the affected metatarsus after sequestrectomy:
in one animal the bone fractured on the same day as
the sequestrectomy, while the bone fractured four days
later in the other. Both animals had received a postop-
erative cast. The sequestra in these two animals were

7.5x3x1cmand9 x 3 x 0.8 cm. In another two pa-
tients (9.5 %), bone infection continued to progress
after sequestrectomy and bone curettage, despite
antibiotic treatment. These patients were ultimately eu-
thanized 12 days postoperatively. The fifth animal was
a three-day-old Holstein calf that had sustained a com-
minuted fracture of the tibia. The fracture had been
treated with internal fixation but an infection developed
postoperatively in the fracture zone, leading to demar-
cation of one large sequestrum and two smaller se-
questra in the tibia, causing instability. Sequestrectomy
was not possible, so the calf was euthanized despite
repeated curettage and irrigation four weeks after
treatment of the fracture and one week after diagnosis
of the sequestrum.
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Fig. 5a,b: Medio-lateral (a) and cranio-caudal radiographs (b) of the left antebrachial region
of a three-month-old Alpaca cria showing a clearly demarcated sequestrum on the cranial
aspect of the radius and severe periosteal growths / Medio-laterale (a) und kranio-kaudale
Réntgenaufnahmen (b) der linken Unterarmregion eines 3 Monate-alten Alpaca Crias mit
einem deutlich demarkierten Sequester kranial am Radius und hochgradigen periostalen
Zubildungen

_ lateral

10/16

PUBLISSOS: "

112 (2025): doc1

Duration of systemic medication
and hospitalization

Systemically administered antibiot-
ics were given as part of the treatment
for an average of 7.9 days (SD: 2.8;
median: 7; min: 3 days; max: 14 days).
For peri- and post-operative anti-in-
flammatory treatment, ketoprofen was
administered to cattle for an average
of 5.4 days (SD: 3.8; median: 5.5; min:
three days; max: 15 days). Carprofen
was administered to the NWC for an
average of four days (SD: 4.2; medi-
an: 1; min: three days; max: ten days)
and metamizole for an average of 4.3
days (SD: 1.7; median: 4; min: three
days; max: seven days). The 16 suc-
cessfully treated patients had a mean
hospitalization time of 29.6 days (SD:
10.1; median: 28.5; min: 14; max: 49).

Postoperative survival time

Sixteen animals were released to
their farms of origin after successful
treatment. Five of these 16 patients
were still alive at the time of evalua-
tion; they had a postoperative surviv-
al time of 7.0, 26.7, 102.5, 23.1 and
143.0 months at that time. The final
three survival times refer to the three
NWC, resulting in a mean cumula-
tive survival time of 89.5 months (SD:
61.0; median: 102.5; min: 23.1; max:
143.0). The mean cumulative survival
time of the 13 cattle was 31.1 months
(SD: 26.5; median: 26.7; min: 7.0; max:
143.0). The mean postoperative sur-
vival time of the 13 cattle patients in
the three groups based on size of the
sequestra were: 13.3 months for group
1 (SD: 8.8; min: seven; max: 19.5),
18.9 months for group 2 (SD: 10.3; min:

Fig. 6a: Transverse sonogram (7.5 MHz linear
probe) of the left proximal femoral region showing
a sequestrum in a twelve-month-old alpaca stallion;
SEQ: demarcated sequestrum; FE: physiological,
smooth, hyperechoic contour of the femur extend-
ing lateral and medial to the fistula canal (Fl) into
the depth of the image / Transversales Sonogramm
(7,5 MHz Linearschallkopf) der linken proximalen
Femurregion mit Darstellung eines Sequesters bei
einem 12-Monate alten Alpaca-Hengst; SEQ: de-
markierter Sequester; FE: physiologische, glatte,
hyperechogene Kontur des Femurs lateral und me-
dial des Fistelkanals (Fl) in die Tiefe verlaufend
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Fig. 6b,c: Ventro-dorsal (a) and medio-lateral radiographs (b) of the pelvic region and both femurs showing a sequestrum proximal on the
left femur, just distal to the greater trochanter. The absence of periosteal bone proliferation is striking. / Ventro-dorsale (a) und medio-laterale
Réntgenaufnahme (b) der Beckenregion und der beiden Oberschenkelknochen mit einem Sequester proximal am linken Femur knapp distal des
Trochanter major. Aufféllig ist das Fehlen einer periostalen Knochenproliferation.

6.1; max: 30.2) and 47.3 months for
group 3 (SD: 33.8; min: 11.8; max:
108.1).

Statistical analysis

Due to the small sample size in
group 1, the animals were combined
with those in group 2 for statistical cal-
culations. Table 3 provides a summa-
ry of the statistical analysis.

There was no statistically signifi-
cant correlation between the age of
the patients at the time of clinic pres-
entation and postoperative surviv-
al time (r=0.050; p=0.854). Similarly,
we found no statistically significant
difference between cattle young-
er than 14 months (n=10) and those
older than 23.5 months (n=11) in re-
lation to the occurrence of limb se-
questra (p=0.827). The three NWC
with sequestra ranged in age from
0.8 to 11.2 months with a mean of 4.4
months.
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Fig. 6d: View of the sequestrum from the left proximal femur of the alpaca after sequestrec-
tomy, measuring 4.2 x 1.5 cm/ Ansicht des 4,2 x 1,5 cm groBen Sequesters aus dem linken
proximalen Femur des Alpacas nach der Sequestrektomie
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Tab. 3: Results of the statistical analysis, including trial correlations, differences,
the test, p values and correlation coefficients; LCS: Locomotion Score / Ergebnisse
der statistischen Analysen mit den Uberprlften Korrelationen/Differenzen, den
verwendeten Tests, den errechneten p-Werten und Korrelationskoeffizienten.

Statistical evaluations Test p-value
pater P 9 correlation 0.854
survival time
Assomgtlon between age of Chi-Square test
the patients and occurrence 0.827
(Pearson)
of sequestra
Association between size of Chi-Square test
sequestra and treatment 0.77
(Pearson)
success
Correlatloq between size of Spearman-Rank r=0 585
sequestra in cattle and post- .
: . . correlation 0.036
surgical survival time
Difference in postsurgical sur- .
vival time of patients between Mann-Whitney 0.017
test
groups 1+2 and group 3
Difference between LCS on
|q|t|al examlnathn and LCS at Wilcoxon test 0.038
discharge in patients of groups
1and 2
Difference between LCS on
initial examination and LCS at Wilcoxon test 0.011

discharge in patients of group 3
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There was no significant correlation between
the size of the sequestra and treatment suc-
cess (p=0.77). However, there was a signif-
icant correlation between the size of the se-
questra and postoperative survival time in
cattle patients (r=0.585; p=0.036). Cattle in
group 3 with the largest sequestra had a sig-
nificantly longer postoperative survival time
than those in groups 1+2 (p=0.026) (Fig. 7).
There was also a statistically significant dif-
ference between the LCS of patients at clinic
admission and discharge, both for patients in
groups 1+2 (p=0.038) and for those in group 3
(p=0.011).

@ Discussion

Bone sequestra occur at varying frequen-
cies in cattle and NWC. Treatment of the af-
fected animal can be very complex depending
upon the location and size of the seques-
trum (Hirsbrunner et al. 1995; Valentino et
al. 2000; Kusenda et al. 2024). There have
been only three retrospective studies of the
causes, diagnosis and treatment of bone se-
questra in a large number of cattle: ten cas-
es by Hirsbrunner et al. (1995), 77 cases by
Firth (1987) and 110 cases by Valentino et al.
(2000). Retrospective studies with case num-
bers of nine, twelve and 36 patients are also
available on sequester treatments in NWC
(Huber 2011; Rousseau et al. 2013;
Kobera & Wagner 2018). However,
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\ most other studies relate to case re-
ports of one or two bovines (Squire
et al. 1990; Hooper et al. 1991; Clerc
et al. 2005; Jaeger & Mueller 2008;
Taguchi & Hyakutake 2012; Pagliosa
et al. 2019; Heppelmann 2020;
Kusenda et al. 2024; Muller 2024) and
individual alpacas (Debney et al. 2011;
Oman et al. 2021).

In Austria, no detailed retrospective
evaluation of a large number of cattle

Fig. 7: Kaplan-Meier survival plots of 13 success-
fully treated cattle patients, divided into two groups
based on the size of the sequestra: group 1+2
(combined) and group 3. Animals in group 3, with
the largest sequestra, had a longer postoperative
survival time (p=0.026) / Uberlebensfunktionskurve
(nach Kaplan-Meier) der 13 erfolgreich therapi-
erten Rinderpatienten, eingeteilt je nach GréBe der
Sequester in die Gruppen 1+2 (zusammengefasst)
und Gruppe 3; Tiere in der Gruppe 3 mit den gréB-
/ ten Sequestern zeigten eine statistisch signifikant
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and NWC with bone sequestra in their limbs has tak-
en the postoperative survival time into consideration. A
case report from a few years ago provided a detailed
description of the surgical procedure for sequestrecto-
my of a7 cm x 3.4 cm x 0.8 cm sequestrum in the meta-
tarsus of a cow (Pagliosa et al. 2019). There was also
a review of short-term treatment outcomes for twelve
animals with sequestra, although three of them were
located in the mandible (Kofler 2017).

We evaluated the medical records of 24 animals
with a total of 30 bone sequestra in their limbs. Two
thirds (66.5 %) of the bone sequestra diagnosed
were in the metatarsal and metacarpal bones, which
aligns with findings from other researchers (Firth 1987;
Hirsbrunner et al. 1995; Valentino et al. 2000; Clerc
et al. 2005; Taguchi & Hyakutake 2012; Rousseau et
al. 2013; Pagliosa et al. 2019; Muller 2024). The in-
creased occurrence of bone sequestra in the cannon
bones can be attributed to the thin soft-tissue mantle
cover of the limbs distal to the carpus and tarsus, which
provides little protection to the periosteum against trau-
ma (Taguchi & Hyakutake 2012; Pagliosa et al. 2019;
Heppelmann 2020).

In the majority of patients (almost 80 %) in our study,
sequestrum formation was caused by direct traumat-
ic impact to the bone. This observation is consistent
with reports that periosteal trauma leads to impaired
blood circulation in the surrounding bone areas. After
a certain delay, necrosis of the surrounding bone oc-
curs (Valentino et al. 2000; Rousseau et al. 2013;
Heppelmann 2020). Much less common is osteomy-
elitis secondary to haematogenous spread, which
can also lead to ischaemia of the periosteum due to
bacterial emboli and ultimately to sequestrum for-
mation (Valentino et al. 2000; Kusenda et al. 2024).
Sequestrum formation can also be a complication fol-
lowing conservative or surgical fracture treatment
(Kostlin et al. 1990; Squire et al. 1990).

Particularly in NWC, haematogenous spread can be
a more frequent cause of bone sequestra. In such cas-
es, there is no clinical evidence of trauma to the af-
fected limb, which can lead to sequestra that are only
diagnosed at a late stage in lame alpacas and lla-
mas (Debney et al. 2011; Huber 2011; Rousseau et
al. 2013; Kobera & Wagner 2018; Oman et al. 2021).
Three (12.5 %) of the 24 animals in our study were
NWC. Trauma (penetrating and blunt) was identified as
the cause of the sequestra through medical history and
clinical examination.

Trauma to the limb bones, along with associat-
ed periosteal damage and development of a seques-
trum, typically results in lameness (Hirsbrunner et al.
1995; Valentino et al. 2000; Rousseau et al. 2013).
This was evident in our patients, as 41.7 % of the 24
animals with a sequestrum exhibited mild to moderate
lameness in the initial examination. Severe lameness
(45.8 %) was observed in patients whose original
trauma had occurred only a few hours or days before
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the initial examination. Only three out of 24 patients
(12.5 %) with sequestra in their limbs showed no signs
of lameness on initial examination, despite having evi-
dent swelling and a chronic fistulating wound on a limb.

The presence of a bone sequestrum delays wound
healing because necrotic bone elicits a foreign body
reaction. The organism continuously tries to demar-
cate it from the surrounding vital, blood-supplied tis-
sue (Hirsbrunner et al. 1995). When inspecting and
palpating the limb, there is frequently a fistula with pu-
rulent discharge running from the sequestrum to the
skin surface. This purulent exudation cannot be treat-
ed with systemic antibiotic administration alone, as the
bone sequestrum continues to endure for a longer pe-
riod, depending on the size of the necrotic bone (Gift &
DeBowes 1989; Hirsbrunner et al. 1995; Heppelmann
2020). Soft-tissue inflammation and more slowly bone
proliferation will also develop around the affected bone
area. If these symptoms are present in a limb, a se-
questrum should always be considered as a differential
diagnosis and further diagnostic procedures, ideally ra-
diographs, should be performed (Valentino et al. 2000;
Steiner et al. 2010).

The clinical manifestation of bone sequestra in
NWC differs from that in cattle and horses, particular-
ly in relation to the age of the affected animals and the
presence of detectable local trauma (Gift & DeBowes
1989; Hirsbrunner et al. 1995; Valentino et al. 2000).
Sequestra have been observed in NWC up to 30
months old and can develop without signs of local trau-
ma (Rousseau et al. 2013; Kobera & Wagner 2018).
The risk of developing a bone sequestrum in cat-
tle aged six months to two years is significantly high-
er, with an odds ratio of 2.6, compared to cattle under
six months of age (Valentino et al. 2000). In the pres-
ent study, the three NWC with sequestra were younger
than twelve months, while cattle diagnosed with a limb
bone sequestrum had a mean age of 27.2 months,
with eleven of the 21 cattle 23.5 months and older.
This result corroborates previous observations on the
age of animals suffering from sequestra (Kobera &
Wagner 2018; Rousseau et al. 2013; Valentino et al.
2000). Previous work considered a larger number of
patients but we found no statistically significant differ-
ence (p=0.827) in the frequency of sequestra for cat-
tle of different ages. Again, the limited patient numbers
may have influenced the result.

A definitive diagnosis of a bone sequestrum can only
be made following a radiographic examination of the
affected limb region (Valentino et al. 2000; Steiner et
al. 2010). This was performed in all animals in this
study. In cases where a sequestrum is clearly demar-
cated, a broad radiolucent line can be seen on the ra-
diograph. This results from osteolysis and gradually
separates the sequestrum from the surrounding
healthy bone. Extensive periosteal growths surround-
ing the sequestrum are often observed, depending on
how long the sequestrum has been present (Valentino
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et al. 2000; Steiner et al. 2010; Heppelmann, 2020).
The formation of a sequestrum after periosteal trau-
ma takes a certain amount of time and its clear demar-
cation from vital tissue usually only occurs after two
to four weeks (Hirsbrunner et al. 1995; Heppelmann
2020). It is therefore advisable to take radiographs
even in patients that are presented just a few hours
or days after a penetrating periosteal trauma to mini-
mize the risk of overlooking any small bone lesions or
small fractured bone fragments (Steiner et al. 2010).
In any case, radiographic examination of the affected
region in such patients must be repeated after two to
four weeks. Only after this period can the very clearly
demarcated bone sequestrum be detected, if one has
formed at all (Valentino et al. 2000; Debney et al. 2011;
Kobera & Wagner 2018; Heppelmann 2020; Kusenda
et al. 2024).

Veterinarians in livestock practice may find the defin-
itive diagnosis of a sequestrum challenging, as a mo-
bile radiographic unit is typically not available in bovine
practice (Kobera & Wagner 2018; Pagliosa et al. 2019;
Kusenda et al. 2024). Sequestrum formation can also
be imaged using ultrasonography with a 5-8 MHz line-
ar probe, provided that there is not yet high-grade peri-
osteal bone formation around the fistula canal. Portable
ultrasound units are now standard equipment for many
livestock practitioners and are primarily used for preg-
nancy examinations in cattle. Ultrasonography can of-
ten visualize the associated fistula and the demarcated
bone fragment. However, a major disadvantage of di-
agnostic ultrasound is the lack of an overall view, mak-
ing it difficult to determine the degree of demarcation
and the true magnitude of the sequestrum, especially if
periosteal growths hinder or prevent imaging of the un-
derlying lesion (Taguchi & Hyakutake 2012; Pagliosa
et al. 2019; Kofler et al. 2021).

The preferred treatment for a bone sequestrum is
surgical removal of the avital bone fragment and all
surrounding necrotic tissue. If a suitable restraining de-
vice, such as a hydraulic tilting table used for hoof trim-
ming, can be arranged, a sequestrectomy can be per-
formed in any practical setting as long as the surgeon
is sufficiently skilled (Kusenda et al. 2024). If no radi-
ography support is available, it is recommended that
patients with a history of penetrating periosteal trauma
and suspected sequestrum formation be referred to a
well equipped clinic (Pagliosa et al. 2019; Kusenda et
al. 2024; Miller 2024).

Sequestrectomy can be performed under general an-
aesthesia, as in two NWC in this study, or under seda-
tion and additional epidural or local anaesthesia on the
affected limbs (Pagliosa et al. 2019; Heppelmann 2020;
Kusenda et al. 2024), as in the remainder of surgically
treated patients. General anaesthesia is only required
for the removal of a sequestrum in cattle and NWC in
cases when the bone sequestrum is in very proximal
bones, so that effective and safe local anaesthesia can
no longer be applied (Valentino et al. 2000; Debney
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et al. 2011; Rousseau et al. 2013; Kobera & Wagner
2018). To ensure a good and unobstructed view of the
surgical field during surgery, a tourniquet should al-
ways be placed sufficiently proximal to the necessary
surgical bone access (Gift & DeBowes 1989; Valentino
et al. 2000; Pagliosa et al. 2019; Heppelmann 2020).

The correct timing of the surgical procedure is cru-
cial for the success of a sequestrectomy. If a surgeon
attempts to remove the sequestrum too soon, before
it is sufficiently demarcated from vital bone tissue, the
border to the healthy, vital bone can often be very diffi-
cult or even impossible to identify during surgery. This
poses a risk for unnecessary resection of vital bone
and the result may be an incomplete removal of the se-
questrum (Hirsbrunner et al. 1995; Huber 2011; Kobera
& Wagner 2018; Heppelmann 2020; Kusenda et al.
2024). The crucial factor in determining the correct tim-
ing for sequestrectomy is ultimately the findings from
repeated radiography. Ideally, the radiographs should
illustrate the bone sequestrum completely demarcated
from vital bone by a broad radiolucent line (Valentino
et al. 2000; Heppelmann 2020; Kusenda et al. 2024).
At this 'ideal' time for surgery, medium-to-high-grade
periosteal growths are often present (Hirsbrunner et al.
1995; Pagliosa et al. 2019; Kusenda et al. 2024). In our
study, surgery probably took place too early in six an-
imals, resulting in the need for a subsequent surgical
intervention.

All patients with sequestra that underwent surgery,
as well as the two patients where the resorption of the
small bone sequestra was anticipated, were treated
with systemic antibiotics and NSAIDs, as reported by
others (Valentino et al. 2000; Rousseau et al. 2013;
Kobera & Wagner 2018). The duration of systemic anti-
biotic treatment was between seven and ten days. The
choice of antibiotic agent should be based on the re-
sults of resistance testing, which are usually only avail-
able about three days after the swab sample has been
taken. Until then, a broad-spectrum antibiotic is usual-
ly administered, as was the case in this study. Suitable
broad-spectrum antibiotics include ampicillin, amox-
icillin, penicillin-streptomycin etc., which are not con-
sidered reserve antibiotics (Kobera & Wagner 2018;
Pagliosa et al., 2019; Kusenda et al., 2024). The sys-
temic administration of reserve antibiotics as adjunc-
tive medication from the day of sequestrectomy, as
described in older publications (Valentino et al. 2000;
Clerc et al. 2005; Jaeger & Mueller 2008; Debney et al.
2011; Rousseau et al. 2013), does not correspond to
the current guidelines for the responsible use of these
agents (Aigner 2018). NSAIDs were applied for at least
three days but many patients received them for signif-
icantly longer (on average 5.4 days) due to prolonged
pain symptoms (Hirsbrunner et al. 1995; Valentino
et al. 2000; Jaeger & Mueller 2008; Rousseau et al.,
2013; Heppelmann 2020; Kusenda et al. 2024).

In two Fleckvieh cows, a two-year-old and a four-
year-old, the sequestra were so small or thin (2 x 0.5 x
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0.5 cm and 5 x 0.8 x 0.2 cm) that they were not surgi-
cally removed and were absorbed. In such instances, it
is recommended to administer systemic antibiotic ther-
apy for up to four weeks to prevent the progression of
an infection in the surrounding bone (Gift & DeBowes
1989; Valentino et al. 2000; Heppelmann 2020; Oman
et al. 2021). However, exclusive systemic medication
is not advised in the presence of a large bone seques-
trum. The presence of necrotic tissue surrounding the
sequestrum, in which there is insufficient or no blood
supply, makes it unlikely that the concentration of the
antibiotic in the tissue will reach the minimum level for
inhibition (Heppelmann 2020).

Minor complications after sequestrectomy, such as
the need for a second bone curettage to remove re-
maining minor bone fragments, have also been de-
scribed by others but only led to a short delay in heal-
ing (Rousseau et al. 2013; Kusenda et al. 2024).
A serious complication in an animal with a bone se-
questrum is the fracture of the affected bone before or
after sequestrectomy. This occurs when the bone loses
stability or when there is no large piece of supporting
bone to bear the normal weight (Valentino et al. 2000;
Huber 2011). In the present study, 13 animals showed
an increased risk of postoperative bone fracture due
to the size of the sequestrum. As a prophylactic meas-
ure, an immobilizing support bandage was applied af-
ter surgery, either a fiberglass cast or vertically sec-
tioned PVC half-tubes of appropriate length and width,
as reported elsewhere (Valentino et al. 2000; Pagliosa
et al. 2019; Kusenda et al. 2024). Another benefit of
temporarily immobilizing the limb is that restricting
movement in the wound area promotes wound healing
(Hirsbrunner et al. 1995; Valentino et al. 2000; Muller
2024). Despite this measure, a stress fracture in the
presence of a large sequestrum or after a sequestrec-
tomy occurred in two bovines in this study, an occur-
rence that has also been documented by other authors
(Valentino et al. 2000; Huber, 2011). Valentino et al.
(2000) reported fractures of long bones and the ster-
num in a total of ten out of 113 cattle (8.8 %) with se-
questra, while Huber (2011) observed fractures in two
out of nine NWC (22.2 %). This complication invariably
necessitates euthanasia.

In the present study, 16 of 21 animals with sequestra
were successfully treated, corresponding to a success
rate of 76.2 %. Previous studies have reported slight-
ly higher cure rates of 78.0 % in cattle (Valentino et al.
2000) and 88.0 % in NWC (Rousseau et al. 2013) af-
ter sequestrectomy. In three of the 24 animals, two or
three bone sequestra were diagnosed on one or two
different limbs. Two of these animals were discharged
from the clinic after complete healing, while the third
case developed bone sequestra due to infection fol-
lowing internal fixation of a tibial fracture. Due to the
small number of patients with multiple sequestra, we
are unable to assess the influence of the number of
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sequestra per animal on the likelihood of recovery and
postoperative survival times.

Cattle, as livestock, generally have a significantly dif-
ferent life expectancy than NWC, which are often kept
as hobby animals (Valentino et al. 2000; Rousseau et
al. 2013), so we only considered cattle patients for the
statistical calculations of the relationship between the
size of the sequestra and postsurgical survival time.
We found no statistically significant correlation be-
tween the size of sequestra and treatment success.
However, there was a significant correlation between
the size of sequestra and postoperative survival time
in cattle. Cattle patients in group 3, with the largest
sequestra, unexpectedly had significantly longer post-
operative survival times than animals in groups 1 and 2
with smaller sequestra. However, the validity of this
seemingly contradictory result is uncertain due to the
relatively small sample size of 13 treated cattle patients.

The relationship between the size of bone sequestra,
success rate and postoperative survival time has not
been explored by others (Valentino et al., 2000; Huber
2011; Rousseau et al. 2013; Kobera & Wagner 2018).
The mean cumulative postoperative survival time of the
successfully treated cattle patients was 31.1 months.
The long-term results after sequestrectomy in cattle
are similar to those previously reported (Hirsbrunner et
al. 1995). In this previous report, cattle no longer ex-
hibited lameness four to 44 months after surgery, al-
though follow-up radiographs revealed mild-to-severe
thickening of the cannon bone in eight of nine patients.
All three NWC in our study were still alive on the cut-
off day of the postoperative survival survey and had
cumulative postoperative survival times of 23.1, 102.5
and 143 months. The long postoperative survival times
are consistent with a previous report of a median of 7.7
years of postoperative survival in 24 NWC (Rousseau
et al. 2013). Our statistical analysis showed no corre-
lation between the age of the animals at the time of
treatment, the size of the sequestrum and postopera-
tive survival times.

Conclusions

Based on our results and on other retrospective
studies involving a large number of patients, choos-
ing the correct time for sequestrectomy is crucial.
Sequestrectomy should be performed when there is
clear demarcation of the sequestrum from all surround-
ing vital bone radiographically, as indicated by a broad
radiolucent rim around the sequestrum and at least mi-
nor bony periosteal proliferations. With adequate af-
tercare, the chances of recovery are generally favour-
able, provided that there are no serious concomitant
diseases.
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Fazit fiir die Praxis:

Aus den Ergebnissen dieser Arbeit und retrospektiven Studien anderer Autoren mit groBen Patientengruppen
kann der Schluss gezogen werden, dass die Wahl des richtigen Zeitpunkts fir die Sequesterresektion ent-
scheidend fur den Operationserfolg ist. Diese soll erfolgen, wenn eine klare Demarkation des Sequesters
vom umgebenden vitalen Knochengewebe besteht, was sich im Rontgenbild als breite Aufhellungszone um
den Sequester und als zumindest kleinere periostale Zubildungen zeigt. Bei geeigneter Nachsorge sind die
Erfolgsaussichten generell gut, sofern keine Begleiterkrankungen vorliegen.

~

Conflict of interest
The authors declare no conflict of interest.

B References

Aigner G. Leitlinien firr den sorgféltigen Umgang mit antibakteriell wirk-
samen Tierarzneimitteln — Osterreichisches Bundesministerium
fur Arbeit, Soziales, Gesundheit und Konsumentenschutz. 2018
[cited 2024 Sept 10]. Available from: https://www.tieraerztekam-
mer.at/fileadmin/daten/Oeffentlicher_Bereich/Kammer/Leitlinien/
Leitlinien_fuer_den_sorgfaeltigen_Umgang_mit_antibakteriell_
wirksamen_Tierarzneimitteln_2018.pdf

Clerc K, Saldivia CM, Tirado MA, Avilan M, Cova F, Cabeza T.
Secuestro 6seo en el metatarso derecho de un toro raza Carora
[Right metatarsal osseous sequestrum in a Carora breed bull].
Revista Facultad de Ciencias Vet (Venezuela). 2005;46(1):27-32.

Debney S, Wereska M, Dart CM, Dart AJ. Sequestrum surgery in
humerus of an alpaca cria. New Zealand Vet J. 2011;59(1):46—49.
DOI:10.1080/00480169.2011.547169

Firth EC. Bone sequestration in horses and cattle. Austral Vet J.
1987;64(3):65-69. DOI:10.1111/J.1751-0813.1987.TB09616.X

Gift LJ, DeBowes RM. Wounds associated with osseous seques-
tration and penetrating foreign bodies. Vet Clin North Am Equine
Pract. 1989;5(3):695-708. DOI:10.1016/S0749-0739(17)30583-7

Heppelmann M. Therapie von Sequestern. Prakt Tierarzt.
2020;101(5):482-486. DOI:10.2376/0032-681X-2009

Hirsbrunner G, Steiner A, Martig J. Knochensequestration des
Roéhrbeins beim Rind. Tierarztl Prax. 1995;23(3):251-258.

Hooper RN, Walker MA, Taylor TS. Sequestrum formation and osteo-
myelitis in a bull. Vet Radiol. 1991;32(6):310-312.

Huber MJ. Bone sequestration of the appendicular skeleton in
camelids. Proceedings. Am Coll Vet Surg Vet Symp. 2011;660-662.

JaegerH, Mueller K. Metacarpal bone sequestruminaheifer:Acasere-
port. Livestock. 2008;13(5):53-58. DOI:10.1111/j.2044-3870.2008.
tb00184.x

Kobera R, Wagner H. Knochensequester beim Alpaka in Deutschland.
Tierarztl Prax Ausg G Grosstiere Nutztiere. 2018;46(2):109—-114.

Kofler J. Surgical treatment of septic arthritis of proximal joints and
treatment of bone sequestra in cattle. Revista Académica Ciéncia
Animal. 2017;15(Suppl 2):67-76. DOI:10.7213/academica.15.
s02.2017.a07

Kofler J. Ultrasonographic imaging of bone lesions. In: Kofler J.
editor. Ultrasonography of the bovine musculoskeletal system —
indications, examination protocols, findings. 1% ed., Hannover:
Schlutersche Verlagsgesellschaft; 2021. p. 175-192.

Késtlin RG, Nuss K, EIma E. Metakarpal- und Metatarsalfrakturen
beim Rind. Tierarztl Prax 1990;18(2):131-144.

Kusenda M, Bergt T, Schieferdecker U, Bagley F, Proios |I.
Wundkomplikation nach Sequestrektomie bei einer Milchkuh. Prakt
Tierarzt. 2024;105(3):274-283. DOI:10.2376/0032-681X-2409

Miller KR. Surgical sequestrum removal in a Jersey cow: a case
report with focus on secondary healing progress. In: Mortellaro
CM, editor. 22" International Symposium & 14" International
Conference on Lameness in Ruminants; 16.—20.09.2024; Venice,
Italy, 2024. p. 86-87.

Oman RE, Adkins PRF, Reed SK. Medical management of an
osseous sequestrum in an alpaca cria. J Am Vet Med Assoc.
2021;258(12):1394-1397. DOI:10.2460/javma.258.12.1394

Pagliosa GM, Schrenk MT, Kofler J. Trauma-induced bone sequestra-
tion and osteomyelitis in the third metatarsus of a cow: case report.
Wien Tierarztl Monat - Vet Med Austria. 2019;106(5-6):101-108.

Rousseau M, Anderson DE, Niehaus AJ, Miesner MD, Nichols S.
Osseous sequestration in alpacas and llamas. J Am Vet Med
Assoc. 2013;243:430—436.

Sprecher DJ, Hostetler DE, & Kaneene JB. A lameness scoring sys-
tem that uses posture and gait to predict dairy cattle reproductive
performance. Theriogenol. 1997;47(6):1179-1187. DOI:10.1016/
s0093-691x(97)00098-8

Squire KRE, Fessler JF, Belvis WE, Cantwell HD, Horstman L. Full-
length diaphyseal sequestrum as a consequence of segmental
transverse fractures of the large metatarsal bone in calf. J Am Vet
Med Assoc. 1990;196(12):2006—2008.

Steiner A, Geissbihler U, Stoffel MH, Wegmiller M. Bovine
Radiology - Digital Diagnostic Atlas. 1% ed. University of Berne,
Switzerland; 2010.

Taguchi K, Hyakutake K. Ultrasonographic findings in two calves with
bone sequestration of an extremity. Vet Rec. 2012;170(25):649.
DOI:10.1136/vr.100620

Valentino LW, St Jean G, Anderson DE, Desroches A, Kersting K,
Lopez MJ, Adams SB, Huhn J, Mueller PO, Cohen ND. Osseous
sequestration in cattle: 110 cases (1987-1997). J Am Vet Med
Assoc. 2000;217(3):376-383. DOI:10.2460/javma.2000.217.376

Please cite as:

Heckel L, Schieder K, Tichy A, Kofler J. Retrospective evaluation of
bone sequestra in 21 cattle and three New World Camels — short-
and long-term outcomes. Wien Tierarztl Monat — Vet Med Austria.
2025;112:Doc1. DOI:10.5680/wtm000041

Copyright ©2025 Heckel et al. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution 4.0
License. See license information at https://creativecommons.org/
licenses/by/4.0/

16/16



