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Introduction

Medial compartment disease of the elbow is a common cause
of lameness in dogs encompassing subchondral bone sclero-
sis, fissure or fragmentation of the medial coronoid process,

osteochondritis dissecans, and erosion of the cartilage of the
proximal ulnar and apposing humeral trochlear.1

Humeral osteotomies, including medial opening wedge
osteotomies, medial sliding osteotomies, and external rota-
tional osteotomies, have been investigated to shift the
weight-bearing axis of the thoracic limb laterally at the level
of the elbow joint.2,3 The aim of these procedures is to reduce
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Abstract Objective The aim of this study was to assess if the level of osteotomy (50 or 75% the
length of the humerus), osteotomy angle (5, 10, or 20 degrees), direction of bone
alteration (external rotational ormedial opening wedge osteotomies), or orientation of
osteotomy (perpendicular to the humeral long axis or perpendicular to the weight-
bearing axis of the limb) affect pressure through themedial compartment of the elbow.
Study Design Humeral osteotomies were performed at 50 and 75% the length of the
humerus on 12 canine cadaver thoracic limbs and patient-specific three-dimensional
(3D) printed plates applied to induce the desired alteration. Sensors were placed into
the medial and lateral aspects of the elbow joint and the limb compressed to 90N in a
universal testing system.
Results Increasing the angle of the induced change had a significant effect on the
decreased load through themedial compartment. Performing the osteotomy at 75% of
humeral length from proximal was significantly more effective at reducing the medial
elbow load than performing it at 50%. Opening wedge osteotomies were more
effective than external rotational osteotomies, but both were effective. Changing
the direction of the osteotomy (comparing transverse to oblique) did not significantly
affect the load reduction through the medial compartment.
Conclusion Performing an osteotomy at a more distal location along the humerus
and increasing the angle of the induced change increased the effectiveness of load-
shifting humeral osteotomies.
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the load through the medial aspect of the joint, thereby
alleviating pain and ameliorating the progression of osteo-
arthritis. A similar principle is appliedwith clinical success in
high tibial osteotomies in humans, which are used to treat
medial osteoarthritis by reducing load through the medial
compartment of the knee.4,5

Ex vivo biomechanical studies have demonstrated that
humeral osteotomies can reduce the joint contact pressures
in the medial compartment of the canine elbow2,3,6 and that
sliding humeral osteotomies significantly affect thoracic
limb alignment in the frontal plane, shifting the mechanical
axis from the medial to the lateral compartment of the
elbow.7

Reported humeral osteotomies have been performed
perpendicular to the humeral diaphysis.8 Initial work by
the authors using a three-dimensional (3D) computer model
demonstrated that an osteotomy perpendicular to the
weight-bearing axis of the limb (a line drawn directly from
the shoulder to the center of the foot as shown in ►Fig. 1)
produced significantly greater lateralization of the weight-

bearing axis than one perpendicular to the long axis of the
humerus. Greater lateralization was yielded when the
osteotomy was performed closer to the elbow joint (as is
performed with high tibial osteotomies in humans), and
increasing the angle of change increased the degree of
lateralization.9,10 These results have not been confirmed
by ex vivo testing.

The aim of this study was to assess the effect of various
osteotomy parameters on the pressure in the medial and
lateral compartments of the elbow joint using a cadaver-
based ex vivo model, namely the following: the level of the
osteotomy (50 or 75% the length of the humerus measured
from proximal), the angular magnitude of the alteration (5,
10, or 20degrees), the direction of bone alteration (external
rotational or medial opening wedge osteotomies), and the
orientation of the osteotomy (perpendicular to the humeral
long axis or perpendicular to the weight-bearing axis of the
limb). Our primary study aim was to identify the humeral
osteotomy/alteration that most effectively reduced load in
the medial compartment of the elbow. Our null hypotheses
were that the load through the medial and lateral aspects of
the elbow joint would not be affected by (1) the osteotomy
location, (2) the angular magnitude of alteration, (3) the
direction of bone alteration, and (4) the orientation of the
osteotomy.

Material and Methods

Sample Acquisition
The University of Liverpool Veterinary Research and Ethics
Committee granted ethical approval (VREC 780) for the
study. Cadavers were acquired from medium to large (based
on an ulnar length of 175–225mm) adult dogs euthanatized
for reasons unrelated to the study; this size cadaver was
chosen as breeds this size are commonly affected by medial
compartment disease.11 The limbs were frozen until time of
computed tomography. Imaging was performed on the
thawed limbs, which were then subsequently refrozen until
the time of dissection and experiment.

The limbs were disarticulated at the glenohumeral joint,
cutting through the musculature at this level. All humeral
musculotendinous attachments, except those at the level of
the medial and lateral aspects of the humeral condyle, were
dissected from the humerus. The biceps brachii and brachia-
lis muscles were cut near the elbow joint and the triceps
brachii tendonwas cut at its insertion at the olecranon tuber.
Particular care was taken not to damage the collateral or
annular ligaments.

Plate Design
Bone alterations were made using custom-designed bone
plates, designed in silico and manufactured in titanium alloy
(Ti6Al4V) via selective laser melting by an external manufac-
turer (Solo Additive, Suzhou, China). Prior to testing, the plates
were sandblasted to remove any excess powder, and any
remaining supportmaterialwas removedusing afile and rasp.

Computed tomography images of the thoracic limb from
the mid-scapula to the manus were acquired using an 80-

Fig. 1 Demonstration of the weight-bearing axis of the limb. The
figure on the left demonstrates the long axis of the humerus (dashed
line). “Transverse” osteotomies in this study were performed per-
pendicular to this axis (solid line). The axis of the humerus was
determined using three-dimensional (3D) medical image processing
software (Materialise Mimics), which places a line of best fit through
the longitudinal axis. The image on the right illustrates the hypo-
thetical “weight-bearing axis” (dashed line), which is a connecting line
between the center of the shoulder joint and the estimated center of
the weight-bearing surface of the paw with the joints at standard
standing angles. The “oblique” osteotomies in this study are per-
pendicular to this dashed line (the solid line in the picture on the right).
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slice Aquilion Prime scanner (TSX-303A/1C, Canon Medical
Systems, CA, United States). Images were exported as DICOM
files and imported into 3D medical image processing soft-
ware (Materialise Mimics, Materialise NV, Belgium) where a
3D model was formed from the stack images.

The 3D model was imported into modeling software
(Materialise 3-matic, Materialise NV, Belgium). The humerus
wasmarked at 5% increments fromdistal to proximal. For the
distal 75% of the humerus, the most medial aspect was
marked, along with 5.25mm cranially and 5.25mm caudally,
to generate planned plate designs 10.5mmwide and 3.5mm
thick (►Fig. 2). These values were imported into a solid
modeling computer program (SolidWorks, Dassault Sys-
tèmes, France) and the loft feature was used to create a solid
structure between each layer.

One neutral plate (i.e., contoured to the natural bone
shape) was created for each sample. The testing sample
plates were created by performing in silico alterations, and
generating plate designs to induce each of these states:

• Medial opening wedge plates (►Fig. 3A), designed for an
osteotomy at either 50 or 75% the length of the humerus
with 5-, 10-, or 20-degree adjustment angles. These plates
incorporated a wedged disk at the level of the osteotomy
designed to induce the desired angular alteration.

• External rotation plates (►Fig. 3B), designed for an osteot-
omyat either 50 or 75% the length of the humerus with 5-,
10-, or 20-degree adjustment angles. The whole orienta-
tion in these plates was such that insertion in the pre-
drilled screwholeswould induce the rotational alteration.

For each sample, there were a total of 12 testing plates: 6
opening wedge plates and 6 external rotation plates. Osteot-
omies perpendicular to the axis of the humerus (described as
“transverse”) were performed in half of the samples, and
osteotomies perpendicular to the weight-bearing axis of the

thoracic limb (line connecting the shoulder and themanus at
standing angles and described as “oblique,” as they were
oblique to the long axis of the humerus) were performed in
the other half. All plates (neutral, opening wedge, and
external rotational) were dynamic compression plates with
nine screwholes that were numbered 1 to 9 fromproximal to
distal. The corresponding holes in the bone were numbered
in the same fashion.

To add the opening wedge to the plate, the diameter of the
humerus was measured at 50 and 75% the length of the
humerus and a circlewas drawn using the computer-assisted
design software and extruded to create 5-, 10-, and 20-
degree wedges (either perpendicular to the humerus or
perpendicular to the weight-bearing axis), which were sub-
sequently incorporated into the plate design. For the rota-
tional alterations, the plate designs incorporated a rotational
step at 50 or 75% of the humeral length.

Sample-specific cutting guides (►Fig. 4) contoured to the
medial aspect of the bone were designed using the medical
image processing and solid modeling software before being

Fig. 2 Planned plate design on three-dimensional (3D) modeling
software. This demonstrates a 3D in silico model of a humerus. The
distal 75% of the humerus has been divided into 5% increments
(circumferential blue lines), which have been block colored to dem-
onstrate the divisions more clearly. The most medial aspect has been
marked (central blue dot) 5.25mm cranially and caudally to this (blue
dots on either side). These blue dotsmap out the planned plate design.
The red arrow indicates 50% the length of the humerus and the green
arrow indicates 75% the length of the humerus, which are the
locations of the two osteotomies.

Fig. 3 Three-dimensional (3D) printed sample-specific implants
showing an (A) opening wedge construct and (B) a rotational con-
struct. The implants shown are 75% the length of the humerus straight
osteotomy plates.
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made in photopolymer resin using a 3D printer (Form 3,
FormLabs, MA, United States).

Testing
Two limbs were used for preliminary testing to assess the
best practice for the testing.

A custom-designed mount (►Fig. 5) was attached to the
proximal humerus with three to four 4.5-mm cortical bone
screws, depending on the size of the sample. The custom
mount had a conical point, which articulated with a custom-
made socket mounted on the biomechanical testing ma-
chine. A turnbuckle apparatus, anchored to the custom
mount proximally and through a 2.5-mm hole in the olecra-
non distally, was used to simulate the triceps muscle.

Two ultra-thin load sensors (444-N FlexiForce sensors,
Tekscan,MA, United States)were placed from cranial into the
medial and lateral aspects of the elbow joint. These were
secured in place by placing two short (�5mm) screws into
the cranial aspect of the humeral condyle, near to the joint,
andfixing the sensors to the screwswith a glue nondamaging
to the sensors (No Nonsense, Siroflex, UK;►Fig. 6). The same
investigator placed the sensors into the joints for each test.
Prior to placement, the sensors were calibrated by applying a
load of 400N at the rate of 10N/s, holding each increment of
50N for 10 seconds prior to placement into the joint. The
sensors were connected to a microcontroller board (Arduino
Uno, Arduino.cc), which gave live readings of the forces, in

volts, applied to the sensors. The live readings were con-
verted to a load in newton and transferred to a spreadsheet
(Excel, Microsoft, WA, United States).

The sample was loaded into a universal testing system
(Instron 3366, Instron, UK; ►Fig. 7A and B). The paw was
placed directly under the humeral head and kept in place
throughout testing using sandpaper glued to the machine;
positioning of the pawwasmonitored using a plumbline. The
turnbucklewas tensioned to bring the elbow joint to an angle
of 135degrees, which was assessed using a goniometer; one
arm of the goniometer was aligned with the shaft of the
humerus pointed toward the humeral head and the other
with the antebrachial shaft pointed toward the styloid
process of the ulna and the turnbuckle tensioned accordingly
similar to previous studies.2,12 The same person positioned
the limb for each test and the angle was checked each time
the limb was replaced in the testing system.

Initial testing was conducted on the native bone, prior to
any hole drilled, osteotomy performed, or plate placed. The
limb was loaded to 90N at a rate of 5N/s 20 times as a
preconditioning cycle before each test. The load on the limb
was then reduced to low (<10N) before being loaded again to
90N, where it was kept while three sensor readings were
taken. This process was repeated five times, to collect 15
readings per sensor, per sample.

The sample was then removed from the testing system
and the neutral plate was secured to the bone. The neutral

Fig. 4 The sample-specific cutting guide. This guide would fit perfectly to the contour of the bone and was secured to the bone with
three cortical screws placed in screw holes 4 and 6. The saw blade was lined up with the wings of the guide to ensure the osteotomy was
performed at the current angle.
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plate exactly matched the contour of the bone and had the
same number of holes as the other plates, but did not induce
any alteration to the bone. Holes were drilled with a 2.5-mm
drill bit, tapped, and 3.5-mm cortical screws placed. Screws
in holes nearest the osteotomies in the most proximal and
distal fragmentswere placed in an eccentric position to allow
compression. All screws were bicortical except the most
distal screw, which was placed monocortical only to avoid
inadvertent intra-articular placement. The screws were
placed in the same order for each sample and by the same
person to maintain consistency between samples. The limb
was then remounted into the limb press, and preconditioned
and then tested as above.

The limb was removed from the press and the plate was
removed. The limb-specific osteotomy guide was then
screwed to the limb using screw holes 4 and 6. Using the
cutting guide, osteotomies were made at 50 and 75% the
length of the humerus either perpendicular to the anatomi-
cal axis of the humerus (transverse) or perpendicular to the
thoracic limb weight-bearing axis (oblique) using an oscil-
lating saw. The neutral plate was placed again, using the saw
blades as shims tofill the gaps in thebone created by removal

of bone material caused by the osteotomies. The limb was
then remounted into the testing jig, preconditioned, and
tested as previously described. This process was then per-
formed for each of the 12 testing plates. The order of the
osteotomy plates tested was rotated between the samples.

Statistical Analysis
Student’s t-tests were performed using statistical software
(SPSS Statistics 27.0, IBM, New York, United States) compar-
ing elbow joint forces before and after osteotomies per-
formed and neutral plates applied to determine the effect
of this process alone.

A mixed-design analysis of variance (ANOVA) was per-
formed using the same aforementioned statistical software.
The samples were split and analyzed in two groups depend-
ing on the osteotomy angle performed, either transverse or
oblique. All the 12 test configurations were independent
variables and the dependent variable was the difference in
force through the medial compartment. The osteotomized
sample with application of the neutral plate was used as the
control group and significance was accepted if p<0.05. The
Pearson correlation coefficient was calculated using the
same statistical software to assess the effect of the running
order of the test samples.

Multilevel, multivariable regression was performed using
programing language for statistical computing (R, R Foundation

Fig. 5 Custom-designed mount with custom-designed socket for
universal testing system. The mount was secured to the proximal
humerus using three to four 4.5-mm cortical screws. The mount has a
conical point that articulated with the custom-designed socket that
was attached to the loading device. The turnbuckle apparatus mim-
icking the pull of the triceps is also appreciable; this was attached to
the mount using a loop of stainless steel wire (all pictured).

Fig. 6 Cranial placement of the ultra-thin sensors in the lateral and
medial compartments of the elbow joint. The photograph was taken
from the cranial aspect of the joint; lateral is on the right (left limb).
The sensors have been carefully threaded into the joint. Through the
sensors very close to the joint two metal screws (one for each sensor)
can be seen through the translucent plastic. The sensors were glued to
these screws to prevent dislodgement during testing.
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for Statistical Computing, Austria). Values analyzed included
position of the osteotomy (50 or 75% length of humerus),
magnitude of alteration induced by the applied plate (5, 10,
or 20degrees of humeral valgus OR external rotation), and the
osteotomy axis (oblique or transverse).

Results

Twelve appropriate canine thoracic limbs were available.
Performing osteotomies and applying the neutral plate re-
duced the mean force through the medial compartment by
21.1% (p¼0.036, Student’s t-test) and reduced the force
through the lateral compartment by 6.5% (p¼0.099).

Mixed-design ANOVA showed that the magnitude of
alteration induced by the osteotomy (5, 10, or 20 degrees)
and the location of osteotomy (50 or 75% the length of the
humerus) had a significant effect on the force through the
medial compartment. Oblique osteotomies reduced the load
through the medial compartment more than transverse
osteotomies, but not significantly so. The Pearson correlation
coefficient was low (R2¼0.0057), meaning there was no
correlation between order of sample testing and force
through the medial compartment.

Multilevel, multivariable regression analysis revealed the
variable with the greatest impact on the reduction of medial
load was the osteotomy angle: it was estimated that for each
1degree of angular alteration, the adjustment value for
decreasing the load through the medial compartment was
1.08 (p¼0.0002). This means the adjustment valuewould be
21.6, 10.8, and 5.4 for 20, 10, and 5degrees of angular change,

respectively. Position of the osteotomywas the variable with
the next greatest impact on reduction of medial load:
osteotomies at 75% the length of the humerus were estimat-
ed to have an adjustment value for decreasing the load
through the medial compartment of 8.06 compared to
osteotomies performed at the humeral midpoint
(p¼0.026). Type of osteotomy (wedged or external rotation-
al) was the variable with the next greatest impact on reduc-
tion of medial load: wedged osteotomies were estimated to
have an adjustment value for decreasing the load through the
medial compartment of 7.26 compared to rotational osteot-
omies (p¼0.045). Osteotomies performed obliquely were
estimated to have an adjustment value for decreasing the
load through the medial compartment of 2.39 compared to
osteotomies performed transversely, but this finding did not
reach statistical significance (p¼0.85).

►Fig. 8 illustrates the reduction of load through the
medial compartment by each construct. As expected, in
general, greater magnitudes of alteration led to greater
reduction in medial elbow load. Osteotomies made more
distally resulted in greater reduction in medial joint load
than proximal osteotomies, and opening wedge osteotomies
resulted in greater reduction in medial load than rotational
osteotomies.►Fig. 9 illustrates the reduction in load through
the medial compartment between oblique or transverse
osteotomies for all positions, alteration types, and magni-
tude of alteration. The difference was not significantly
different. ►Fig. 10 illustrates the reduction in load through
the medial compartment for each osteotomy position (mid-
humeral or distal), including all orientations, alteration

Fig. 7 (A,B) Photographs of the testing setup for the 75% oblique 10-degree medial opening wedge construct. The plate is applied to the
medial aspect of the bone with eight 3.5-mm bicortical screws and one 3.5-mm monocortical screw. At the location of the 50% osteotomy, an
oscillating saw blade is left in place to fill the space left by the saw kerf and prevent limb shortening. The ultra-thin sensors can be seen along
with their connections to the microcontroller board. The custom-designed mount is secured to the proximal humerus with three 4.5-mm
bicortical screws and fits into a custom-designed socket to simulate the shoulder joint. The paw is positioned on sandpaper under which are four
screws that aided repeatable paw positioning.
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Fig. 8 Percentage reduction of load through the medial compartment for every test construct.

Fig. 9 Percentage reduction of load through the medial compart-
ment for osteotomies either perpendicular to the thoracic limb
alignment (“oblique”) or perpendicular to the humerus (“trans-
verse”). This graph demonstrates all “oblique” osteotomies compared
to all “transverse” osteotomies (including all osteotomy levels, types,
and angles). While the oblique osteotomies did demonstrate an
increase in reduction of load through the medial compartment,
statistical significance was not reached.

Fig. 10 Percentage reduction of load through the medial compart-
ment of osteotomies through the mid-diaphysis (50% length of the
humerus) or through the distal metaphysis (75% the length of the
humerus). This graph demonstrates all mid-diaphyseal osteotomies
compared to all distal osteotomies (including all osteotomy direc-
tions, types, and angles).
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types, andmagnitude of alteration. Distal osteotomies signifi-
cantly reduced loadmore thanproximal osteotomies.►Fig. 11

illustrates the reduction of load through the medial compart-
ment between rotational and medial opening humeral wedge
osteotomies for all positions, orientations, and magnitudes of
alteration. Medial opening wedge osteotomies significantly
reduced loadmore than rotational osteotomies.►Fig. 12 illus-
trates the reduction in load through the medial compartment
for 5, 10, and 20degrees of alteration for osteotomies of all
positions, orientations, and types. A magnitude of 20-degree
alteration significantly decreased the load through the medial
compartment compared to 10- and 5-degree alterations and a
magnitude of 10-degree alteration significantly reduced the
load through themedial compartmentcompared toa5-degree
alteration.

Statistical testing showed no trends for the lateral com-
partment (testing neither increased nor decreased load);
therefore, figures illustrating this are not included.

Discussion

This study demonstrated that a more distal osteotomy
reduced the load through the medial compartment more

effectively than a mid-humeral osteotomy. It also showed
that increasing the angle resulted in greater reduction of load
through the medial compartment. Both rotational and open-
ing wedge osteotomieswere found to be effective at reducing
the load through the medial compartment. However, the
angle of the osteotomy (transverse to thehumerus compared
to transverse to the thoracic limb weight-bearing axis) did
not appear to have a significant effect. Therefore, our first
three null hypotheses were rejected, and our fourth null
hypothesis was accepted.

Osteoarthritis in human knees often progresses asym-
metrically, predominating in the medial compartment, as
seen in canine elbowmedial compartment disease. Articular
cartilage degrades primarily in the medial compartment,
leading to collapse of the medial aspect of the joint, with the
resulting varus deformity further increasing the load
through this already diseased area.13High tibial osteotomies
have been developed to reduce the contact pressures and
contact area of the medial compartment.4 Both medial
opening and lateral closing wedge osteotomies have been
described and compared, with both procedures having po-
tential benefits. Opening wedge high tibial osteotomies have
been reported to bemore accurate, lead to improved range of
motion, better preserve the tibiofibular joint, and have fewer
early conversions to total knee replacement.14–19

Opening wedge high tibial osteotomies improve function
and range of motion to the same degree as unicompartmen-
tal knee arthroplasty, although the complication rate might
be higher.5,20 High tibial osteotomies have been recom-
mended for younger, more active patients, and a high rate
of patients return to sport and work.21,22 Canine patients
with medial compartment disease are often young and
active, which might make them suitable candidates for
similar load-shifting osteotomies. There is some evidence
that high tibial osteotomies may lead to medial knee com-
partment articular cartilage recovery,23,24 and this might,
therefore, be a realistic goal of load-shifting osteotomies for
canine medial compartment disease.

Fujita and colleagues showed that a 10-degree medial
opening wedge reduced humeroulnar contact and Mason
and colleagues demonstrated a wedge osteotomy reduced
the humeroulnar force, although statistical significance was
not reached.2,6 In these studies, the osteotomies were per-
formed at the mid-diaphysis, for two reasons: it allowed for
sliding and wedge osteotomies to be tested on the same
samples and the authors argued it would make a more
practicable surgery (adequate space for stabilization, avoid-
ing neurovascular or joint stabilizing structures). However,
performing the osteotomy closer to the joint will lead to
greater lateralization effect at the level of the elbow, as
shown previously.9 Since these publications, locking plate
technology has become more widespread and 3D-printed
custom surgical guides have become relatively accessible,
advances that maymake osteotomies closer to the joint safer
than they were before. Furthermore, it has been postulated
that the metaphysis, rich in cancellous bone with abundant
numbers of stem cells, may have improved healing proper-
ties compared to diaphyseal bone25 and this may be another

Fig. 11 Percentage reduction of load through the medial compart-
ment for external rotational constructs compared to opening wedge
constructs. This graph demonstrates all rotational constructs com-
pared to all opening wedge constructs (including all osteotomy
directions, levels, and angles).

Fig. 12 Percentage reduction of load through the medial compart-
ment depending on angle of change induced by the construct. This
graph compares all 5-degree constructs with all 10-degree constructs
and all 20-degree constructs, including all osteotomy directions,
levels, and types.
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benefit to performing the osteotomy distally, although this
cannot be proven at this stage.

The sliding humeral osteotomy has been reported clini-
cally to improve subjective lameness scores and ground
reaction forces, decrease clinician-assessed elbow pain,
and improve owner-assessed mobility following sur-
gery.8,26,27 However, possibly due to fear of severe compli-
cations and the lack of comparator groups, clinical
application has been limited. The apparent steep learning
curve associated with the procedure8,27 is also likely to be a
deterrent for unfamiliar surgeons. It has been suggested that
the sliding humeral osteotomy might be effective, at least in
part, because of the valgus that is induced by the procedure.8

The proximal abducting ulnar osteotomy (PAUL; KYON,
Switzerland) reduced contact pressure in the medial com-
partment of experimentally induced incongruent elbows but
did not reduce contact pressure of congruent elbows, and
translated the thoracic limb mechanical axis laterally at the
level of the elbow joint in ex vivo studies.28,29 Coghill and
colleagues, however, reported no difference in canine brief
pain index scores or long-term nonsteroidal anti-inflamma-
tory drug use between dogs treated with arthroscopy alone,
compared to dogs treated with arthroscopy and PAUL, and
the major and total complication rates for the PAUL proce-
dure have recently been reported to be 18 and 26%, respec-
tively, raising concern regarding the safety of this
technique.30,31 Furthermore, the antebrachium is a two-
bone segment, and the impact PAUL has on radioulnar
congruency is not clear. A humeral osteotomy has the benefit
that the brachium is a one-bone segment, and therefore the
effect on limb geometry is more predictable.

While opening wedge constructs were more effective
than external rotational osteotomies in the current study,
external rotational osteotomies were also effective at reduc-
ing medial compartment load (►Fig. 11), corroborating
previous findings that this procedure can shift the peak
pressure location through the elbow laterally.3 External
rotational constructs offer some benefits compared to open-
ing wedge osteotomies: the lack of induced humeral valgus
may reduce compressive forces at the lateral aspect of the
bone and bone fragments remain in compressed contact
following plate application, allowing load sharing and pri-
mary bone healing.

Despite an oblique osteotomy proving beneficial in an in
silico model,10 the angle of the osteotomy did not have a
significant effect in this study. In the in silicomodel, only limb
alignment is assessed, excluding effects of soft tissues,
particularly the pull of the triceps mechanism, which may
negate the effects of the oblique osteotomy in the ex vivo
experiment. It may also be that the degree of change is too
small or the number of samples too few to reach significance
or that the sensors were not sensitive enough to detect a
difference.

Our study did not show a significant increase in the force
through the lateral compartment, in line with other studies
on humeral osteotomies.2,6 It appears that redistribution of
load is more complicated than a simple medial to lateral
shift. The aim of this study was to assess which bone

alterations would lead to a reduction in medial load as this
is the ultimate therapeutic goal for treating dogswithmedial
compartment disease.

Prior to testing, all samples were tested with a “neutral”
plate, a plate that did not induce an alteration on the bone.
This was performed to investigate if application alone of the
platewould affect the load through themedial compartment,
which, surprisingly, it did and the reasoning for this is
unclear. The test condition samples were compared to the
sample with the neutral plate to remove this factor from the
final analysis.

In this study, thin pressure sensors were used directly in
the joint, similar to a previous report.32 These sensors allow
for assessment of load reduction at precisely the level of the
elbow. Our primary objective was to evaluate loading change
in the humeroulnar joint, specifically the craniodistal area
that is most often clinically affected in medial compartment
disease. Similar to other studies, a compressive load of 90N
was used,3which equates to the force through a thoracic limb
of a 30-kg dog when standing. The use of 12 cadavers was
comparable to the number of samples used in previous
similar studies.2,12,28

The findings from this study support the statement that
humeral osteotomies could be used to reduce the load
through the medial compartment of the elbow, especially
if the osteotomy is performed distally, and that the reduction
of this load is proportional to the angle of induced change.

These findings should not be considered clinical recom-
mendations. Aspects such as adverse effects on limb align-
ment, soft-tissue loading, and bone healing need to be
carefully considered prior to clinical use. Once appropriate
surgical systems and implants have been designed, ethically
approved clinical trials should be performed, initially with a
small group to assess safety, then a larger group to assess
efficacy, ideally against an appropriate control group.
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