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Objective: To report the long-term radiographic and clinical outcome of the BioMed-
trix TATE elbow arthroplasty system in dogs. Assessment was via radiographs, a
surgeon-based questionnaire, and owner assessment of outcome using the Liverpool
osteoarthritis in dogs (LOAD) and canine brief pain inventory (CBPI) questionnaires.
Study design: Retrospective multicenter, case series.
Animals: Client-owned dogs undergoing TATE elbow arthroplasty.
Methods: Questionnaires were distributed to surgeons in the United Kingdom
performing TATE elbow arthroplasty and to the owners of the dogs operated on.
Owners completed the LOAD and CBPI questionnaires. All completed questionnaires
from surgeons and owners, and radiographs of the dogs were collated and analyzed.
Results: Surgeon questionnaires and radiographs were obtained for 33 elbows from
32 dogs, with owner questionnaires obtained for 19 dogs. Perioperative, short-term,
and mid-term complication rates were 60%, 15%, and 15%, respectively. Radio-
graphic assessment of component alignment showed 62% of cartridges were valgus
or varus malaligned and 56% of cartridges were either translated medially or laterally
relative to the long axis of the ulnar. There was no significant association between
component alignment and final clinical outcome. Surgeon assessment reported 24%
of dogs to have full, 52% acceptable, and 24% unacceptable outcome. Owner assess-
ment showed significant decreases in pain severity and pain interference from preop-
erative to final status but no change in mobility scores.
Conclusions: A high complication rate and variability in component placement was
recorded with TATE athroplasty. However, component malalignment did not
negatively impact clinical outcome. Final clinical outcome was favorable for most
cases with significant reductions in pain severity and interference scores despite no
changes in mobility scores.

Elbow dysplasia has a high prevalence in breeds such as the
Labrador Retriever, with an estimated UK prevalence of
17%.1 Lameness associated with the articular and subchon-
dral changes of elbow dysplasia have prompted many surgi-
cal treatments aimed at ameliorating pain and slowing
progression of osteoarthritis (OA).2–7 However, OA is often
present at the time of diagnosis and progression of OA is
inevitable.8 Pain and lameness unresponsive to conservative
management may be indication for salvage procedures such
as joint arthroplasty, arthrodesis, or amputation.

Canine elbow arthroplasty was initially described in
research dogs.9 Constrained,9 cemented,10,11 hybrid,12 and
cementless13–15 semi-constrained systems have been described.
The BioMedtrix TATEVR arthroplasty system (BioMedtrix,
Boonton, NJ, USA) is a bicomponent cementless resurfac-
ing prosthesis implanted as a single cartridge with a set
plate, after a drill and mill preparation of the joint centered

on the humeral trochlea. First generation and second genera-
tion versions of this arthroplasty system are commercially
available (Fig 1). A third generation tricomponent system,
resurfacing the radius, ulna, and humerus each with separate
components, is currently in development (personal commu-
nication, Sidebotham C, October 2014).

The majority of elbow arthroplasty systems have not
been critically reviewed for the ability to accurately replicate
the center of joint rotation, clinical efficacy, longevity, or
short- and long-term complications. Longitudinal studies in
dogs would be important for review and refinement of
implant design, technique and patient selection.16 Use of gait
analysis,17 activity monitoring,18 or owner questionnaire19–22

offers methods for postoperative assessment. Use of a vali-
dated, owner questionnaire such as the Liverpool osteoarthri-
tis in dogs (LOAD) questionnaire,22 is a cost-effective and
accessible method to measure pain and function in dogs with
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OA. The LOAD has shown positive correlation with force
plate analysis and the canine brief pain inventory (CBPI)23

and has been used as part of a multicenter study quantifying
owner perception of outcome in dogs undergoing total hip
replacement.24

The aims of this study were to conduct a retrospective
multicenter radiographic, surgeon and owner (LOAD and
CBPI questionnaire) assessment of long-term outcome after
implantation of first generation BioMedtrix and second gen-
eration TATE elbow arthroplasty systems.

MATERIAL AND METHODS

Questionnaires

A surgeon questionnaire (Supporting Information, Supple-
ment 1) was sent to surgery specialists in the United King-
dom who had attended a BioMedtrix TATE arthroplasty
course, had completed the certification program, and were
performing TATE arthroplasty. They were invited to com-
plete the questionnaire for each dog (each elbow) that under-
went elbow arthroplasty. Surgeons were asked to obtain
verbal consent from owners for inclusion of the dogs' clinical
data. The questionnaire comprised 4 sections: 1) Contact
information and signalment, 2) Preoperative assessment
(date, general and orthopedic history, exercise regimen,
lameness score [Likert scale of 0–10],25 goniometric mea-
surement of range of motion,26 forelimb function and medi-
cation), 3) Surgery (first or second generation implant, size
of implant, anesthesia and surgery duration, antibiotic
protocol, complications, hospitalization duration, range of
motion, forelimb function, medication, postoperative exer-
cise regimen), and 4) Postoperative follow-up (orthopedic
and radiographic assessment, short- and long-term complica-
tions, and surgeon satisfaction).

Each owner was sent a questionnaire (Supporting Infor-
mation, Supplement 2), comprising LOAD, CBPI, and ques-
tions specific to the surgery. The questionnaire comprised 3
sections: 1) Preoperative, 2) Operative (at the time of sur-
gery), and 3) Final status (time of questionnaire completion).
An aggregate mobility score, and average pain severity and
pain interference scores were generated for each dog. Com-
pleted questionnaires were assessed by two authors (RDS/
NB).

Radiological Analysis

Surgeons were asked to submit all radiographs for each dog
(elbow) undergoing elbow arthroplasty. Radiographic re-
examination was performed by 2 independent observers
(RDS/NB) on 2 occasions, 2 weeks apart. Radiographic pres-
ence of preoperative osteophytosis was assessed using previ-
ously defined criteria by the International Elbow Working
Group (IEWG).27 The position and orientation of the TATE
components were objectively identified on immediate post-
operative radiographs (see below) by measurements cali-
brated relative to a radiographic marker on each image. For

elbows where infection was not reported, humeral and radio-
ulnar component-bone interface (CBI) on the mediolateral
radiograph was graded and compared between immediate
postoperative radiographs and final radiographs. Templates
were constructed using the original DICOM files and com-
puter software (OsiriX MD Pixmeo, Bernex, Geneva, Swit-
zerland) for repeatable assessment of component position
and CBI.

Mediolateral Radiograph (Fig 2A). A circle of best fit
was superimposed over the articular margin of the humeral
component (green). In a variant from the previously
described technique for defining the central axis of the
humerus,28 2 circles were then drawn within the distal hum-
eral shaft (orange) to define a central axis of the bone. Two
lines were then drawn (yellow) bisecting these 2 circles and
delineating the proximal edge of the humeral component.
The angle between these 2 lines defined the angle of inser-
tion of the humeral component relative to the humeral long
axis and was defined as the humeral component angle. A line
was then drawn (blue) from the center of the circle outlining
the articular margin of the humeral component to the apex of
the epicondylar osteotomy. This distance was defined as the
epicondylar osteotomy apex height.

Figure 1 Evolution of the TATE arthroplasty components. (A) First
generation cartridge with a cobalt-chrome (CoCr) humeral component
and ultra high molecular weight polyethylene (UHMWPE) radioulnar
component with CoCr backplate. Components were backed with sin-
tered beads and solid posts. (B) Second generation cartridge with tita-
nium alloy components and UHMWPE bearing attached to the
radioulnar component. (C) Modified profile of the radioulnar component
(red shaded region removed) to reduce articular constraint and force
transmitted though the implant-bone interface. Components are
backed with titanium plasma and hydroxyapatite and posts are hollow
and segmented. (D) Third generation cartridge (in development) is a tri-
component system resurfacing the humerus, radius and ulna with indi-
vidual components (Images reproduced courtesy of BioMedtrix).
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For radioulnar component measurements (Fig 2B), a
circle of best fit was superimposed over the osseous margin
of the radioulnar component (green). A line was then drawn
defining the caudal aspect of the ulna (yellow). Two lines
(red), one bisecting the line along the caudal aspect of the
ulna at the narrowest isthmus width of ulna and the other
aligned with the cranial margin of the radioulnar component
were drawn. The angle between these 2 lines defined the
angle of insertion of the radioulnar component relative to the
ulnar transverse axis and was defined as the radioulnar com-
ponent angle (RUCA). In addition, the ulnar isthmus distance
(blue line) as well as the width of the TATE cartridge along
this line (pink) allowed calculation of the ratio of cartridge:
ulnar isthmus.

Measurement of CBI was performed by the dividing the
humeral and radioulnar CBIs into 3 zones each (total 6
zones, Fig 3) The CBI in each zone was graded 0 through 5;
Grade 0—no gap between component and bone; Grade 1—
no gap between component and bone but focal lucency pres-
ent; Grade 2—gap <1 mm between component and bone;
Grade 3—gap 1–2 mm between component and bone; Grade
4—gap 2–3 mm between component and bone; Grade 5—
gap >3 mm between component and bone (Fig 4).

Craniocaudal radiograph. Two circles (green) were
drawn within the ulnar shaft defining the central axis of the
bone (Fig 2C). A line (yellow) was then drawn bisecting
these 2 circles defining the long axis of the ulna. Two lines
were then drawn (blue), the first bisecting the distal and
proximal extent of the cartridge and the other parallel with
the yellow line. The angle formed between the blue lines
was either defined as positive if the medial aspect of the car-
tridge was more proximal than the lateral aspect (ie, compo-
nents were in varus relative to the ulnar long axis) or

negative if the medial aspect of the cartridge was more distal
than the lateral aspect (ie, components were in valgus rela-
tive to the ulnar long axis). Cartridge angulation was catego-
rized for statistical analysis as varus malalignment (angle
>158), neutral alignment (angle 258 to 158) or valgus mal-
alignment (angle <258). Ulnar component recession defined
translation of the cartridge from the ulnar midline (cyan).
Medial translation was defined positive (>12 mm) and lat-
eral translation defined negative (<22 mm). Cartridge trans-
lation between 22 and 12 mm was defined as closely
inserted relative to the ulnar long axis. The height of the epi-
condylar osteotomy referenced from the articular surface of
the humerus (red), the epicondylar osteotomy depth (EOD,
pink) and the humeral metaphyseal width (HMW, orange) at
the level of the epicondylar osteotomy were recorded.

Complications

Complications were noted according to clinical impact as
previously defined.29 Briefly, minor complications required
no additional medical or surgical treatment. (eg, wound
inflammation, seroma formation). Major complications
required medical treatment (eg, infection) or further surgery
(eg, fracture, implant failure) for resolution. Catastrophic
complications caused permanent unacceptable function.
Complications was categorized as perioperative (pre, intra,
and postoperative 0–3 months), short-term (3–6 months post-
operative), mid-term (6–12 months postoperative), and long-
term (>12 months).29

Followup and Outcome

Physical examination of all dogs was performed by the
attending surgeon at 6–8 weeks postoperative and

Figure 2 TATE component position measurements. (A) Mediolateral view for humeral measurements. (B) Mediolateral view for radioulnar
component measurement. (C) Craniocaudal view for component alignment measurement.
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subsequently when requested by other clinicians or the
owner. Subjective clinical outcome was classified relative to
pre-disease status: 1) full function, where there was restora-
tion or maintenance of the intended activity level and overall

performance without medication, 2) acceptable function,
when restoration or maintenance of the intended activity
level and overall performance was limited in level or dura-
tion or required medication, and 3) unacceptable function,
when there was severe lameness and pain during manipula-
tion of the elbow.29

Statistical Analysis

Data were summarized as mean SD or median (range) as
appropriate. Data were assessed for normality with the Sha-
piro–Wilk test. Pre and postoperative mobility, pain severity
and pain interference scores were compared using nonpara-
metric Wilcoxon matched pair tests. The immediate postop-
erative and final CBI for each of the 6 zones were compared
using the Wilcoxon matched pairs test. The change in CBI
grades between immediate postoperative radiographs and
final radiographs was compared for elbows with and without
a radioulnar synostosis screw using a Mann–Whitney test for
unpaired data. Intraclass correlation coefficient (ICC) for
RUCA, HUA, cartridge angulation, and ulnar component
recession measurements were calculated for inter- and intra-
observer agreement. The association of component align-
ment (valgus, neutral, and varus) and association of transla-
tion on outcome (poor, satisfactory, or excellent) were both
assessed using the chi-square test. The difference in surgery
duration and anesthesia duration for infected and noninfected
elbows was compared using a t test for unpaired normally
distributed data. Where available, the preoperative and 6
week postoperative flexion and extension angles were com-
pared using a paired t test. A P <.05 was considered signifi-
cant for all tests.

RESULTS

Surgeon questionnaires were completed for 33 elbows in 32
dogs, at a mean postoperative time of 36 months (range 12–
83). Preoperative clinical signs reported by the owners
included (but were not limited to) intermittent or permanent
lameness, reluctance to walk, pain in the elbow, and reduced
range of motion of the elbow. In all dogs, conservative

Figure 4 Examples of lucency grading of the radioulnar component. (A) Grade 1: No gap between component and bone in zone 4 and 5 but focal
lucency around the caudal ulnar post in zone 6. (B) Grade 2: Gap <1 mm in zone 4. (C) Grade 3: Gap 1-2 mm in zone 4 and 5. (D) Grade 4: Gap in
zone 4, 5, and 6, most pronounced around the radial and ulnar posts.

Figure 3 Component zones. (A) Humeral component-bone interface
(CBI) zone 1, 2 and 3. (B) Radioulnar CBI zone 4, 5 and 6.
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management with weight control, exercise moderation, and
anti-inflammatory medication had failed to alleviate clinical
signs to a level deemed acceptable to the owner. Eleven dogs
had prior arthroscopy of the elbow. The primary cause of end-
stage elbow disease was medial coronoid process disease (n58
elbows), incomplete ossification of the humeral condyle (1),
ununited anconeal process (1) and trauma (1) and unknown
(22). Dogs ranged in age from 12 to 32 months (median 86),
and body weight from 18 to 45 kg (median 33) with a mean
(SD) body condition score of 3.3/5 (0.6). There were 21 male
(6 entire, 15 neutered) and 11 female (11 neutered) dogs. The
most frequent breed was Labrador Retriever (n518). The onset
of lameness before arthroplasty ranged from 5 to 106 months
(median 24) and the preoperative lameness score ranged from 4
to 8 out of 10 (median 6). Preoperative goniometric measure-
ments for 15/33 elbows showed a mean (SD) flexion of 618

(18.78) and mean (SD) extension of 1628 (15.48).

Arthroplasty

Eighteen dogs underwent TATE arthroplasty of the left
elbow (4 first generation, 14 second generation) and 15 dogs
on the right elbow (3 first generation, 12 second generation).
Arthroplasty was performed as described.30 The medial epi-
condylar osteotomy was stabilized with cortical screws, with
(n523 elbows) or without (n510) washers. One screw (n52
elbows), 2 screws (26), and 3 screws (5) were used without
washers. A single cortical screw was used across the condyle
with placement of a dynamic compression plate (n51 dog)
or string of pearls plate (SOP, Orthomed, Yorkshire, UK) (3
dogs) along the medial epicondylar ridge.

In 22 elbows, radioulnar synostosis was performed with
the placement of a single (n521 elbows) or 2 radio-ulnar
cortical screw (n51). There was no synostosis implant in 11
elbows. The mean (SD) surgery duration was 248 (61)
minutes and general anesthesia duration was 347 (85)
minutes. Mean (SD) duration of hospitalization was 5 (3)
days. The mean (SD) lameness score at discharge was 6.9
(1.4). Immediate postoperative goniometric measurements
recorded in 15/33 elbows showed a mean (SD) flexion of 668

(21.28) and extension of 1638 (13.38), which were not signifi-
cantly different from preoperative measurements (P >.05).
All dogs received intraoperative antibiotics, and received

postoperative antibiotics for a mean of 7 (2) days. Owners of
24/33 dogs complied with exercise restriction for a mean
(SD) of 6.7 (0.9) weeks. This information was unavailable
for 9/33 dogs.

Radiographs

All dogs had an IEWG score of 3, equivalent to severe
arthrosis. Medial epicondylar osteotomies healed unevent-
fully in 31/33 elbows (94%). Component position on medio-
lateral projections had a mean (SD) RUCA of 117.68 (9.38),
HUA 56.68 (8.18), ulnar isthmus 11.6 (2.9) mm, ulnar isth-
mus:cartridge width ratio of 0.9 (0.2) and epicondylar apex
height of 27.9 (6.3) mm.

Component position on craniocaudal projections had a
mean (SD) RUCA of 14.78 (6.38). Cartridges were placed in
varus malalignment for 56% elbows, valgus malalignment in
6%, and neutral alignment in 37%, relative to the ulnar long
axis. Mean (SD) ulnar component recession was 10.1 (2.9)
mm with 25% of cartridges being medially translated relative
to the ulnar long axis, 44% closely inserted relative to the
ulnar long axis, and 31% laterally translated relative to the
ulnar long axis. Mean (SD) epicondylar osteotomy height
was 33.2 (9.4) mm, EOD was 20.3 (3.9) mm, and humeral
metaphyseal width at the level of the osteotomy was 20.3
(3.9) mm. Mean (SD) EOW:HMW was 0.2 (0.1). The ICC
were for RUCA (intra-observer 0.96, inter-observer 0.910),
HUA (intra-observer 0.96, inter-observer 0.9), cartridge
angulation (intra-observer 0.99, inter-observer 0.94), and
ulnar component recession (intra-observer 0.98, inter-
observer 0.87). Radiographic measurements demonstrated
almost perfect agreement for all measurements (ICC>.8).31

The CBI grade significantly decreased from immediate
postoperative to final radiographs in zone 3 (P 5.017) but
not for any other zone. There was no significant difference in
CBI grades for any zone on final radiographs for those with
or without presence of a synostosis screw.

Complications

Perioperative complications were reported in 20/33 (60%)
elbows, short-term in 5/33 (15%) and mid-term in 5/33
(15%) elbows (Tables [1–3]). All intraoperative, minor,
major, and catastrophic complications occurred with second
generation implants.

Follow-up and Outcome

Surgeon assessment at 5–8 weeks postoperative was avail-
able for 32/33 elbows since one dog was euthanatized at 5
weeks postoperative because of gastric dilatation volvulus.
At the time of arthroplasty and owner questionnaire comple-
tion, 12/33 dogs had been euthanatized including 11 for rea-
sons unrelated to arthroplasty. The lameness score at 5–8
weeks postoperative ranged from 1 to 10 (median 5). Goni-
ometry was recorded in 14/33 elbows with a mean flexion of
788 (16.18) and extension of 1658 (9.88). Flexion was signifi-
cantly reduced from preoperative (P 5.043) but there was no
difference in extension (P 5.39).

Table 1 Perioperative complications (intraoperative)

Elbow Complication Treatment

2 Difficulty inserting cartridge Re-milling required
10 Malalignment of radioulnar

component
Repositioning with post

adjustment
12 Epicondylar osteotomy

deeper than anticipated
SOP plate added

13 Difficulty placing cartridge;
small isthmus

Re-milling required; ulnar
DCP plate added

22 Small isthmus Ulnar DCP plate added
26 Medial collateral ligament

damage
Re-enforcement with pros-

thetic and bone anchors

SOP, string of pearls plate; DCP, dynamic compression plate.
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The time from arthroplasty to final assessment ranged
from 4 to 100 months (median 17) with 24% of dogs deemed
to have full, 52% acceptable, and 24% unacceptable out-
comes on surgeon assessment (Table 4). There was no signif-
icant association between outcome and component
alignment (P 5.08) or translation (P 5.06).

Owner Assessment

Owner questionnaires were completed for 19/33 elbows, at a
time ranging from 12 to 50 months (median 33) postopera-
tive. Owners reported the duration of lameness before arthro-

plasty ranged from 0 to 6 months (n51 dog), 6–12 months
(6), 12–24 months (4), and >36 months (7). The owner of
one dog could not report the duration.

There were 32/33 dogs receiving anti-inflammatory
medication before arthroplasty and 11/19 dogs at the time of
owner questionnaire completion. Two dogs were receiving
antibiotics at the time of owner questionnaire.

Owner questionnaires revealed 14/19 would pursue
arthroplasty for their dog again, 3/19 said they would not and
2/19 were unsure (Table 4). Owner assessed mobility, pain
severity and pain interference aggregate scores were calcu-
lated for each dog (Table 5). Comparisons between

Table 3 Short and mid-term complications

Elbow Complications Severity Treatment Clinical outcome

Short-term (3–6 months)
21 Infection Major Antibiotics Satisfactory
26 Radioulnar screw breakage Major SOP plate and

radioulnar screw removed
Satisfactory

27 Re-fracture of olecranon Major 1.6 mm tension band wire Satisfactory
28 Infection Major Antibiotics (ongoing) Poor
29 Infection Major Antibiotics Excellent

Midterm (6–12 months)
2 Infection and implant loosening Catastrophic Antibiotic and

anti-inflammatory medication
Poor

15 Loosening of the radioulnar screw Major Radioulnar screw removed Satisfactory
25 Implant loosening Catastrophic Arthrodesis Poor
27 Infection, implant loosening Catastrophic Amputation Poor
28 Infection, arthrodesis,

radial nerve neurapraxia
Catastrophic Euthanatized Poor

SOP, string of pearls plate.

Table 2 Perioperative complications (0–3 months)

Elbow Complications Severity Treatment Clinical outcome

1 Radioulnar screw breakage Minor None Excellent
2 Radial nervie neurapraxia and

exposure of olecranon
implants

Major Implant removal Poor

4 Loss of reduction of epicon-
dylar osteotomy

Minor None Satisfactory

8 Infection Major Antibiotics (ongoing) Poor
9 Olecranon fracture; ulnar

nerve entrapment and
infection

Catastrophic Amputation Poor

17 Missing radioulnar screw at
time of arthroplasty

Major Placement of radioulnar
screw

Excellent

20 Infection Major Antibiotic and anti-
inflammatory medication
(6 weeks)

Satisfactory; required
ongoing anti-inflammatory
medication

23 Fracture medial epicondyle Major Revision surgery with 3.5
and 2.7 mm SOP plates
applied

Satisfactory; required
ongoing anti-inflammatory
medication

24 Infection Major Antibiotics (8 weeks) Satisfactory
25 Infection Major Antibiotics Satisfactory
27 Olecranon fracture Major 2.7 mm T plate and cortical

screw
Satisfactory

28 Infection Major Antibiotics Poor
30 Malposition of radioulnar

screw
Major Radioulnar screw re-directed

and ulna DCP plate applied
Excellent

33 Infection Major Antibiotics (4 weeks) Excellent

SOP, string of pearls plate.
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preoperative and final status showed significant reductions in
pain severity (P 5.01) and pain interference (P <.01) but no
changes in mobility scores (P 5.19).

DISCUSSION

This study defined criteria for radiographic assessment of
components of first and second generation TATE arthro-
plasty, and established metrics for surgeon and owner assess-
ment of outcome after this surgery.

Reports after TATE arthroplasty have had limited case
numbers,14,15 without quantitative assessment of component
position, bone interfaces, or their association with clinical
outcome. Component implantation with accurate reconstruc-
tion of the anatomic axis is critical for functional outcome in
human elbow arthroplasty.32,33 An ex vivo kinematic assess-
ment of the TATE arthroplasty in dogs showed 2/10 dogs
had components that were malpositioned resulting in transla-
tion of the central rotational axis of the elbow.30 The present
study had imperfect alignment of the components in at least
one plane in 97% of elbows, defined as greater than 58 val-
gus or varus, or greater than 2 mm medial or lateral transla-
tion. The majority of malaligned components were in both
varus and lateral translation. Access to the humeral condyle
for optimum alignment of the condylar clamp with the hum-
eral long axis can be challenging because of severe fibrosis
and presence of osteophytes that can force the condylar
clamp into varus malalignment, causing inaccurate direction

of drill, mill, and cartridge placement (Fig 5).30 The depth of
the mill for cartilage placement is not currently based on any
radiographic measurement of humeroulnar width but is refer-
enced from the medial caudal ulnar trochlea and medial
coronoid process at the time of arthroplasty. It is suggested
that the medial aspect of the trial component, and subse-
quently the radioulnar component, should be flush with the
medial caudal ulnar trochlea. However, this does not take
into consideration the variable width of the ulna between
dogs. In a dog with an ulnar width less than the width of the
trial and radioulnar component, this will predispose to over-
milling of the elbow and malalignment of components in lat-
eral translation relative to the long axis of the ulna. If osteo-
phytes on the caudomedial aspect of the ulnar trochlear are
misinterpreted as the ulna proper, this can predispose to
under-milling of the elbow and malalignment of components
in medial translation. Implant malalignment and cartridges
translated relative to the ulnar long axis could predispose to
uneven wear of components and component loosening, as
reported after elbow arthroplasty in people.33,34 The experi-
ence in the present study found the current TATE instrumen-
tation affords the surgeon influence over final alignment of
components, and implant position did not appear to affect
outcome. Thus, tolerance to malalignment of the TATE com-
ponents is apparent, similar to findings with canine hip
replacement components.35

Analysis of bone-implant interface within zones was
used to assess radiographic signs of interface stability or
bone resorption. Cases where infection was identified were
not assessed since infection may confound any changes
noted. Radiographic assessment within zones around arthro-
plasty components is employed for assessment in human
arthroplasty.36,37 Results showed a significant decrease in
CBI grade in zone 3, consistent with a reduced interface gap
at this site (Fig 4A). This zone corresponded to the caudal
third of the humeral-component, thus the change in grade is
consistent with stability and progressive osteointergration at
this site, concordant with pilot histologic findings of a
retrieved TATE cartridge.14

The first and second generation cartridges have a com-
bined radioulnar component so synostosis of the proximal
radius and ulna is recommended to restrict supination and

Table 4 Surgeon and owner assessment and satisfaction

Weeks to assessment of optimum function (number dogs)
8 8–24 24–36 36–48 48–72 Never Unknown

Surgeon 1 10 7 6 1 5 3
Owner – 5 2 4 3 4 1

Satisfaction with surgical procedure (number dogs)

Extremely satisfied Very satisfied Satisfied Dissatisfied
Somewhat

disappointed Indifferent Unknown

Surgeon 6 8 11 8 – – –
Owner – 12 – – 5 1 1

Table 5 Preoperative and final aggregate scores for owner assessment
of mobility, pain severity, and pain interference

LOAD
Mobility

CBPI
Pain severity

CBPI
Pain

interference

Median Mean Median Mean Median Mean

Preoperative 21.5 20.3 5 4.7 5 5.1
Final 18.5 19.6 1 1.9 2 2.5

LOAD, Liverpool osteoarthritis in dogs; CBPI, canine brief pain
inventory.
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pronation that may induce shear forces at the radioulnar
CBI.38 However, no difference was noted in the zones of the
humeral and radioulnar component of dogs with or without
synostosis implants, suggesting a synostosis screw may be
unnecessary for stability of humeral and radioulnar CBI.
Extended radiographic follow-up and histologic assessment
of retrieved components from dogs with and without synos-
tosis screws would be required to further characterize any
differences in osteointegration between these cohorts.

Ground reaction forces were not measured in this study.
Instead, scaled questionnaires were used to record owner
perception of their dog's pain and function. Significant
reduction in scores for pain severity and pain interference
coincided with a lower number of dogs receiving (requiring)
anti-inflammatory medication at the final assessment. Mobil-
ity scores did not significantly change. Mean elbow flexion
was less than normal preoperatively26 and was significantly
reduced from this level at 6–8 weeks postoperative, possibly
contributing a mechanical component to persistent lameness.
This may explain why pain severity was significantly
reduced but mobility did not change.

Intraoperative complications occurred in 6 elbows
(24%), of which 3 were iatrogenic. Surgeons performing
canine hip arthroplasty have an initial learning curve of 44
surgeries before achieving consistent results.39 The maxi-
mum number of procedures performed by one surgeon in the
present study was 15, which may represent less than required
for attaining optimum results for TATE arthroplasty. Thus,
the occurrence of complications in this study may be higher
than expected with more experience. Postoperative compli-
cations have been reported with other canine elbow arthro-
plasty systems.11,12 In this study, the occurrence of
postoperative complications was high, with infection the
most frequent. Of 11 dogs suspected to have postoperative

infection, 5 had resolution with antibiotics administered for
>6 weeks. Bacterial culture from 4 dogs showed growth of
Staphylococcus spp. in 3 and no growth in 1. Similarly to
previous studies,40 prolonged general anesthesia and surgery
duration may contribute to risk for infection.

Two dogs had fracture of the olecranon, stabilized with
a bone plate applied to the caudal aspect of the ulna. In both
dogs, the ulnar isthmus:cartridge width ratio was greater than
the mean of elbows analyzed, which may have contributed to
fracture. The frequency of olecranon fracture in this study
(6%) is similar to that described for elbow arthroplasty in
people.41

Healing of the medial epicondylar osteotomy was
uneventful in 31 elbows. One elbow developed a delayed
union. This dog was overweight and had the highest medial
EOD (9.7 mm) and EOD:HMW (0.44) in the study. One
elbow showed loss of reduction of the epicondylar osteotomy
at 6 weeks postoperative. Immediate postoperative radio-
graphs of this elbow showed the lowest EOD:HMW in the
study. Other observations showed no difference in osteotomy
healing for dogs with a transcondylar screw using a single
epicondylar screw vs. a transcondylar screw combined with
an epicondylar plate and screws. Thus, epicondylar fixation
with a plate and screws may be unnecessary. Similarly, oste-
otomy healing with screw fixation with and without washers
was not different, suggesting washers are unnecessary.

Information in this study was accessed retrospectively
from clinical records and was incomplete in a minority of
dogs; however, the reported complications could be underes-
timated. The lameness assessments were subjective and dog
owners were asked to recall preoperative information. The
validity of recalled data using LOAD and CPBI is not
known, but LOAD has been used retrospectively in the
assessment of function after canine total hip replacement.24

Figure 5 Affect of condylar clamp placement of component alignment (Figure provided courtesy of BioMedtrix). (A) Placement of condylar clamp
on humeral trochlea. Note the trochlear clamp is resting on the medial aspect of the ulnar. Inadequate lateral subluxation of the ulna because of
fibrosis or osteophyte may cause malalignment of the condylar clamp on the humerus when the clamp is forced into varus malalignment by the
medial aspect of the ulna. This causes varus placement of the center of the rotation pin placed through the humeral condyle with subsequent varus
malalignment of the components. Varus malalignment occurred in 74% of cartridges placed. (B) Caudocranial radiograph of dog 4. Note the
cartridge is placed in varus malalignment.
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Owners may underestimate elbow lameness as a function of
increasing time following elbow surgery when compared
with quantitative measures of gait.42 This could bias the
results of the study positively. No information was obtained
on the status of the contralateral elbow, which could influ-
ence the overall function, mobility, and pain scores. Involve-
ment of multiple centers in the study allowed accrual of more
cases but introduces variability in surgical technique, facilities,
and postoperative management, especially when assessed retro-
spectively. The analysis of CBI could only be measured on a
mediolateral radiograph where the humeral and radioulnar
components did not obscure the interface. However, a degree
of obliquity in the components was present in some radio-
graphs, which made assessment difficult. This, coupled with
variation in position and exposure among radiographs, introdu-
ces imprecision in scoring.

This study showed considerable variability in placement
of TATE elbow arthroplasty components and occurrence of
complications; however, component malalignment did not
appear to influence clinical outcome. Surgeons and owners
made favorable assessments of outcome in a majority of
dogs, noting significant reduction in pain and improvement
in quality of life after this surgical procedure.
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