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Abstract

Objectives The objective of the first part of this retrospective multicentre study was to identify and classify common
calcaneal tendon (CCT) injuries in a study population of 66 cats.

Methods The medical records of five different small animal referral centres and veterinary teaching hospitals
between 2010 and 2020 were reviewed. In addition to patient-specific data, CCT injuries were characterised in
detail. Diagnostic modalities and further comorbidities were recorded.

Results Sixty-six cats met the inclusion criteria. The mean age of the cats was 7.5 years (range 0.5-16.3) and their
mean body weight (BW) was 4.6kg (range 1.5-9.0). Thirty-four spayed females (51.5%), five intact females (7.6%)
and 27 castrated males (40.9%) were included. Most cases involved closed injuries of the CCT (69.7%). Twenty-
one of 46 cats had closed atraumatic injuries (45.7%). Open injuries (30.3%) were most commonly lacerations
(65%). Twenty-one injuries were classified as atraumatic (31.8%), whereas 25 were traumatic (37.9%). With every
year of age, the odds of having an atraumatic injury increased by a factor of 1.021. Cats with atraumatic injuries had
a higher mean BW than cats with traumatic injuries, but the difference was not statistically significant. Acute injuries
were recorded in 40.9% of cases, whereas 51.5% of cats had a subacute CCT injury and 7.6% had chronic lesions.
Most acute lesions were Meutstege type | injuries (55.6%). Subacute and chronic lesions were more commonly
Meutstege type llic injuries (58.8% and 60%, respectively). Considering all CCT injuries, a Meutstege type llc injury
was most common (53%).

Conclusions and relevance The most common type of injury was Meutstege type Ilc. Cats with atraumatic injuries
had a higher mean BW than cats with traumatic injuries, but the difference was not statistically significant. Older
cats more commonly presented with atraumatic CCT injuries.
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Injuries to the common calcaneal tendon (CCT), also
known as the Achilles tendon (AT), are considered a
rare condition in feline orthopaedics. Very few reports
exist about treatments and outcomes, and those available
include only a small number of cases, making it difficult
to draw conclusions. Meutstege published a classifica-
tion system of CCT injuries in dogs,* which is also used
in cats.? Type I lesions involve a complete tendon tear,
including all parts of the CCT. Type Ila lesions are mus-
culotendinous ruptures, type IIb lesions include ruptures
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of the AT with intact paratenon and type Ilc lesions define
gastrocnemius tendon (GT) avulsions with an intact super-
ficial digital flexor tendon (SDFT). Type Il lesions include
tendinosis or peritendinitis.* An alternative time-depend-
ent classification system was proposed by Reinke et al.®
In this classification system, an acute injury is defined
as one in which there is <2 days between the injury and
surgery. Subacute lesions are characterised by 2-21 days
between injury and surgery, and chronic lesions by >21
days between injury and surgical treatment.

In cats, most ruptures are due to closed avulsion inju-
ries from the tuber calcanei. CCT injuries lead to non-
weightbearing lameness and hyperflexion of the tarsal
joint.1-367 With the stifle joint in extension, the hock can
be fully flexed in cases of complete rupture of the CCT,
whereas partial ruptures display less tarsal hyperflexion.
If the SDFT remains intact, the phalangeal joints of the
hindlimb will flex simultaneously, resulting in the typi-
cal ‘claw-like” appearance while standing. Other clinical
findings include thickening and loss of continuity of the
tendon structures, as well as external wounds in trau-
matic cases.?*8 In most cases, surgical repair of the tendon
and temporary tibiotarsal joint immobilisation are recom-
mended, and several techniques have been described.?6-13
Only one report has described AT injuries, surgical tech-
nique and immobilisation, as well as short- and long-
term outcomes in cats.? In that report, geriatric female cats
seemed to be predisposed to atraumatic tendinosseous
avulsions. Obesity could not be determined as a causa-
tive factor in AT pathogenesis, and the conclusions were
statistically limited owing to the small number of cases
(21 cats).? Therefore, the aim of the present study was to
collect a considerably larger sample size and to compare
clinical data, examination findings, injury specifications
and injury classifications. We hypothesised that older and
obese cats are more prone to atraumatic AT injuries.

Materials and methods

Data acquisition

This retrospective multicentre study included the
medical records of five different small animal clinics in
Germany (Free University of Berlin; Ludwig Maximilians
University Munich; Justus Liebig University Giessen;
Small Animal Clinic Hofheim; Small Animal Clinic
Kalbach) between 2010 and 2020. The obtained data (see
Table 1 in the supplementary material) comprised signal-
ment, body weight (BW), medical history and orthopae-
dic examination findings, including the type of injury
and trauma. Open and closed injuries were differenti-
ated, and trauma was further characterised as laceration,
biting injuries, high-rise trauma, trauma that occurred
during running/being chased, blunt major injuries (car
accident), blunt minor injuries (eg, a crushing injury if
the limb was caught in a door or window frame) and
atraumatic injuries. Atraumatic injuries were defined as

those without any wound (closed injury) and occurring
during normal physiological activity such as running or
jumping from indoor objects (eg, furniture, a scratching
tree) or without any evidence of trauma in indoor cats. All
open and closed injuries of a high-energy trauma origin
(high-rise trauma, vehicular trauma) were categorised as
traumatic. Time to surgery, lameness grade, stance type
and other clinical findings, as well as further diagnos-
tic modalities to achieve a diagnosis of AT injury, were
documented. Comorbidities such as obesity, cardiomy-
opathies, endocrinopathies or neoplastic diseases were
documented if the information was available.

Statistical analysis

The mean = SD values for age, BW at time of surgery
and time between injury and surgery were calculated
and evaluated. Age, BW and sex were evaluated for their
influence on injury type, but only age and BW remained
in the final model. Five intact cats were excluded for the
evaluation of the variable sex, because they represented a
low proportion of the total population.

Stepwise backward elimination was carried out to
build the model. The first model included all possible
independent variables. Next, the independent variable
with the highest P value was excluded and the model was
rerun. This step was repeated until the best-fitting model
with the smallest Akaike information criterion, Schwarz
criterion and negative two times the log-likelihood was
found. A P value <0.05 was considered to be statistically
significant, and a P value <0.001 was considered to be
highly statistically significant.

Results

Study population

In total, 70 cats with common calcaneal tendinopathies
were found in the medical records. After the exclusion
of four Maine Coons due to increased body size and
increased BW without being obese, 66 cats were included
in the final evaluation (59 domestic shorthair cats [89.4%];
see Table 1 in the supplementary material). At the time
of data collection, the mean = SD age was 7.5 = 4.7 years
(range 0.5-16.3) and patients had a mean = SD BW of
4.6 + 1.2kg (range 1.5-9.0). Most cats were female (59.1%)
(Table 1).

Examination

All cats underwent a complete clinical and orthopaedic
examination. Further diagnostic work-up to evaluate the
CCT injury varied among the patients. Twenty (30.3%)
cats underwent surgery immediately without any further
diagnostic imaging. In those cases, the extent of the injury
was evaluated intraoperatively. Forty-six (69.7%) cats had
preoperative radiographs showing the whole lower limb
and 22 (33.3%) cats had additional preoperative ultra-
sonographic evaluation of the AT.
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Table 1 Signalment and trauma in obese vs non-obese cats in the total study population

Data are presented as n (%) or mean = SD (range)

BW = body weight; FI =female intact; FS =female spayed; MC = male castrated

Injury specifications

Most cases presented with a closed injury of the CCT
(n =46 [69.7%]). Twenty-five (37.9%) cats showed a
closed injury of unknown origin. In 21 (31.8%) cats,
closed injuries: were atraumatic, resulting from jumping
off the sofa or a cat stand (n =14 [21.2%]); resulted from
running or being chased (n=2 [3.0%]); or were due to
blunt minor injuries, such as catching or crushing inju-
ries (n =3 [4.5%]). Twenty (30.3%) cats presented with an
open injury such as laceration injuries (n =13 [19.7%]).
Other types of trauma were less common (Table 2).

A 0—4-scale lameness grading system was used.!> Most
cats presented with grade 2/4 lameness (n = 39 [59.1%]).
Only 14 cats showed a permanent non-weightbearing
lameness grade 4/4 (21.2%; Table 2). The distribution of
injuries according to the classification by Meutstege* is
shown in Table 3. Twenty-one injuries (31.8%) were clas-
sified as atraumatic, whereas 25 (37.9%) were traumatic.
Twenty (30.3%) could not be classified clearly, including
cats with a closed injury but outdoor access and therefore

lacking clear determination or exclusion of any traumatic
event. One cat with GT avulsion (type Ilc) showed an
intact SDFT but with lateral luxation. Information on the
BW, age and sex distribution of cats in these groups is
provided in Table 4.

During the entire study period, only three cats became
bilaterally affected. These cats were only included for
a single limb because the later contralateral injury was
treated elsewhere.

In the logistic regression model there was a statisti-
cally significant influence of age on the occurrence of
traumatic vs atraumatic injuries (P =0.006). With every
year of age, the odds of having an atraumatic injury as
opposed to a traumatic injury increased by a factor of
1.021. The association between age and BW was evalu-
ated by using Spearman’s rank correlation coefficient.
There was a statistically significant correlation between
the variables age and BW in the traumatic injury group
(r=0.47, P=0.018) but not in the atraumatic injury group,
allowing for the conclusion that in the traumatic injury
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Table 2 Clinical examination findings and classification of
injury type in 66 cats with common calcaneal tendinopathy

Data are presented as n (%)
CCT =common calcaneal tendon

group younger cats had a significantly lower mean BW
compared with older cats.

Time-dependent injury classification

When injuries were time-dependently classified accord-
ing to Reinke et al,® 27 cats (40.9%) sustained an acute AT
injury, 34 (51.5%) were categorised as having a subacute
CCT injury and five (7.6%) presented with a chronic
lesion. Twenty-eight of the 34 subacute injuries (82.4%)
were closed, with 16 (57.1%) of unknown origin and
eight (28.6%) being atraumatic (due to jumping off fur-
niture or a cat stand). Four of the five chronic injuries
(80%) were closed, with three (75%) being atraumatic
in origin. Cats that presented with an acute condition
usually had higher grades of lameness at the time of
presentation than chronic cases. All acute injuries
showed other clinical findings such as swelling, pain or
a palpable gap at the lesion site. Fifteen acute injuries
(55.6%) were Meutstege type I lesions, 20 subacute inju-
ries (58.8%) were Meutstege type Ilc lesions and three

Table 3 Distribution of the type of tendon injury according
to the Meutstege classification* in the atraumatic and
traumatic groups and the total study population*

Data are presented as n (%)
*Twenty cases could not clearly be classified as atraumatic or
traumatic in origin

chronic injuries (60.0%) were Meutstege type Ilc lesions
(Table 5).

Obesity

Twenty-six of 66 (39.4%) cats were categorised as obese
in their medical records. Body condition score (BCS) was
not determined in most cases. The cats had a mean BW of
5.7 +1.0kg (range 4.6-9) and a mean age of 9.1 = 3.8 years
(range 1.5-15.3). All traumatic injuries (n =8 [30.8%])
were open injuries due to laceration or high-rise trauma.
Seven closed injuries (26.9%) could not be classified more
precisely, because the accidents were not observed by the
owners and all cats were outdoor cats. All other patients
in the obese group (n=11 [42.3%]) had atraumatic inju-
ries. The most common injury type in this group was
Meutstege type Ilc (n =8 [72.7%)]). Signalment and trauma
details were compared with those of non-obese cats, as
well as the total population and are presented in Table 1.
Neither BW nor obesity had a significant influence on the
occurrence of traumatic vs atraumatic injuries.

Discussion

CCT injuries are reported to be uncommon in cats,® with
only a few cases published in the veterinary literature.!*67/16
On the basis of our retrospective multicentre evaluation,
we can confirm that CCT injuries remain a rare orthopae-
dic condition in cats.

The Meutstege classification system* does not fully
account for cats because it disregards their specific anat-
omy. Cats exhibit an additional component of the CCT,
namely the soleus muscle (Figure 1). Published data on
CCT injuries in cats lack detailed information about the
affected parts after injury.>671¢ Unfortunately, the same
was true in the present study, as the medical records only
contained Meutstege types without any consideration of
the soleus muscle tendon (SMT). Future studies should
concentrate on collecting detailed information on rup-
tured tendon parts and the clinical consequences of vari-
ous combinations of rupture types.
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Table 4 Body weight (BW), age and sex distribution of cats in the atraumatic and traumatic groups, and total study
population

Data are presented as n (%) or mean = SD (range)
FI = female intact; FS = female spayed; MC = male castrated

Table 5 Time-dependent injury classification in 66 cats, according to Reinke et al®

Data are presented as n (%)
CCT = common calcaneal tendon

In humans, CCT injuries are typically observed witha was female. Our study population was more balanced
male to female ratio from 2:1 to 12:1.17 In contrast, Cervi  (59.1% female, 40.9% male). Most of the cats were spayed
et al® reported that 91% of their feline study population or castrated; consequently, the impact of neutering could
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Figure 1 (a) Lateral view of the dissected feline crus with focus on the common calcaneal tendon and its insertion onto the
calcaneus (Ca). Up is proximal, down is distal, right is cranial and left is caudal. (b) Caudolateral close-up view of the common
calcaneal tendon (CCT) proximal to the level of the calcaneus. The superficial digital flexor tendon (SDFT) widens in superficial
position forming a cap and attaches on either side on the tuber calcanei. The gastrocnemius muscle (GM) with its medial and
lateral head forms the gastrocnemius tendon (GT). The superficial digital flexor muscle (SDF) is directly cranial to the GM.

The soleus muscle (SM) is the most cranial muscle participating the CCT. The combined tendon of the biceps femoris muscle
(lateral) and the gracilis and semitendinosus muscles (medial; CT) portion of the biceps femoris muscle runs from lateral via
cranial the other components of the CCT to its medial attachment site of the calcaneus where it converges with the CT portion

of the gracilis and semitendinosus muscles

not be evaluated in our study. In humans, as many as 84%
of all AT ruptures occur in men.!® A rodent model showed
that this can be explained by inferior mechanical proper-
ties of the AT and increased muscle fibre size in men vs
women. Increased muscle fibre size means greater muscle
strength and the combination could be responsible for the
increased rate of spontaneous tendon ruptures in male
patients.’ Nevertheless, female cats were, again, over-
represented in the present study. Gonadectomy increases
the incidence of musculoskeletal disorders in dogs.!42
There is an increased risk for cranial cruciate ligament
tears in for gonadectomised dogs,? and activated lutein-
ising hormone receptors in the ligament may be respon-
sible for the higher rate of tears in neutered dogs.?! This is
also a possible explanation for the high rate of AT injuries
in spayed female cats. In human orthopaedics, commonly
reported mechanisms for AT rupture are rapid extension
of the tarsus during weightbearing with extension of the
stifle joint, dorsiflexion of the ankle, and rapid or violent
dorsiflexion of the tarsal joint,?>?* as well as precursory
inflammatory or non-inflammatory tendinosis with col-
lagen fibre degeneration.?*

In humans, blood flow decreases with age at the most
susceptible region of the AT, namely 3-6 cm proximal to

the calcaneal insertion. Further, the tensile strength of
collagen decreases over time.?* The ability to withstand
repetitive stress forces decreases with increasing tissue
stiffness during ageing, and less strain is required to
cause collagen failure.?? Therefore, levels of activity must
be adapted to the level of fitness of the individual. A more
sedentary lifestyle leading to degenerative changes in the
AT, such as mucoid and hypoxic degeneration, calcifica-
tions, tendolipomatosis, degenerated collagen fibres and
tissue necrosis, have been discussed as possible causa-
tive factors in human sports medicine.?>? This fact may
explain the high occurrence rates of atraumatic injuries
in indoor cats, assuming they are less active than their
outdoor counterparts. Being less adapted to physical
exertion, minor activities such as jumping or running
indoors may lead to mechanical overload of the tendon
more quickly.

Obesity is another cause that may lead to musculoten-
dinous overload during locomotion, ultimately resulting
in tendon rupture.?” In our study, 39.4% of cats were cat-
egorised as obese. These cats had a mean BW of 5.7kg.
For comparison, Cervi et al® reported a mean BW of 5.4 kg
for cats with atraumatic lesions. In our study, cats with
atraumatic lesions had a mean BW of 5.2kg. Evaluation
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of the BCS would have been more precise than the sub-
jective documentation of being obese. Unfortunately, the
BCS was not reliably recorded. We had no control group
comprising obese cats that did not develop AT injuries, so
we can only assume that increased BW may play a role
in feline AT rupture pathogenesis. In contrast to Cervi
et al,® closed injuries in outdoor cats, where a traumatic
event could not be ruled out, were excluded from fur-
ther analysis, and not automatically counted as atrau-
matic. Interestingly, most atraumatic injuries were type
Ic lesions (71.4%) with an avulsed GT and intact SDFT, a
finding that corresponds to the results reported by Cervi
et al,’> namely 66.7% tendinosseous avulsions. Only 9.5%
were complete ruptures of the CCT (Table 3).

There was no clear sex predisposition for atraumatic
lesions, with 52.4% being female (Table 4). In the logis-
tic regression model, age had a statistically significant
influence on the type of injury. With increasing age the
occurrence of atraumatic injuries increased. There was
a significant Spearman’s rank correlation between age
and BW (r=0.47, P =0.018); however, the relationship
was not strong owing to a high level of scatter in the
scatter diagram, indicating a lesser degree of correlation
between variables. In the traumatic group, younger cats
tended to have a lower BW than older ones. This relation-
ship could not be found for the atraumatic group and
had no influence on statistical analysis of the variable
BW for both groups. Based on our analysis, we could not
identify increased BW or obesity as causative factors for
AT pathologies in cats. With more cases and better evalu-
ation of BCS, the informative power would have been
greater. Molecular studies regarding possible reasons
for chronic tendon degeneration are not yet available for
feline or canine patients. Human studies are promising,
showing specific expression patterns of protease-acti-
vated receptors (PARs) and their general role together
with mast cell activation in tendinopathies.?® Future vet-
erinary studies may focus on PARs as a possible target
for CCT treatment.

For the time-dependent classification of the AT inju-
ries, we referred to Reinke et al.> Many acute injuries
were open, which explains the early presentation to the
clinic. There was a high number of subacute presentations
(51.5%); most were Meutstege type Ilc lesions (58.8%) and
85.7% were categorised as atraumatic or due to trauma of
unknown origin. With type Ilc lesions, cats are still able to
ambulate owing to an intact SDFT. That may explain the
delayed presentation of those cases because the owners
did not recognise trauma and considered the lameness to
be ‘not severe’. It is not known whether the SMT remains
intact in cats with type Ilc lesions. Future studies should
focus on SMT status in different types of AT injury. Of
note, 48.1% of acute injuries, 17.6% of subacute injuries
and 20% of chronic injuries were open (Table 5). The high
proportion of open injuries in the acute category may be

explained by the assumption that owners who recognise
a wound might present the cat earlier to a veterinarian,
compared with a cat only showing lameness or a gait
abnormality.

There are multiple limitations to our study. The study
was retrospective in nature. Although it was a multi-
centre study — to increase the number of patients — the
number of patients was still too small to make strong
conclusions about predisposing factors such as sex and
BW. Considering that we evaluated five clinics over a
10-year period and still did not have enough patients
for evaluation, future studies should encompass even
more clinics or a longer evaluation period. Atraumatic
injuries were defined as being ‘closed’, ‘not open’ and ‘no
trauma detected plus indoor cat’. Therefore, atraumatic
injury was assumed, as the cats were not under observa-
tion when the CCT injuries were sustained. However, a
traumatic event in the absence of an accident scenario
without any access to outdoors seems unlikely.

Conclusions
The results of this study partially support our initial
hypothesis. Cats with atraumatic injuries had a higher
mean BW than cats with traumatic injuries, but the differ-
ence was not statistically significant. We found that older
cats were more likely to suffer atraumatic AT injuries.
The most common injury type according to the
Meutstege classification system was type Ilc, but ana-
tomical differences between cats and dogs must be con-
sidered. Future studies should focus on the role of the
SMT in the mechanism of AT injuries.
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