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Abstract

Objective- To determine growth of the proximal tibial physis in the Labrador Retriever, a
breed of dog at risk for rupture of the cranial cruciate ligament (RCCL).

Animals- 6 male Labrador Retriever dogs

Methods- 0.5 mm tantalum markers were implanted in the right proximal tibial epiphysis
and metaphysis of each dog at sixteen weeks of age. Lateral and cranio-caudal
radiographs of the tibia were made monthly and longitudinal growth was assessed from
the radiographs. A growth curve was generated from the data. Data from previous
patients that had undergone proximal tibial epiphysiodesis (PTE) was compared to the
growth curve to demonstrate if the growth curve accurately predicted changes in growth
associated with this procedure.

Results- Growth rate decreased slowly and non-linearly over the first year of age.
Growth from the proximal tibial physis is described.

Conclusions- The growth curve generated here follows the model of saltation and stasis.
The growth curve generated here predicted the change in tibial plateau angle (TPA) for
two Labrador Retrievers that underwent PTE (+/- 1°).

Clinical relevance- The growth curve generated in the present study may be considered
for use for the surgical planning of PTE in Labrador Retrievers.

Key Words- Proximal tibial epiphysiodesis, growth, saltation and stasis, Labrador

Retriever



BOoo~NoUOR~WNE

0.

Acknowledgements....

Abstract.................

Materials and methods

Results...................
DISCUSSION . .. et et e e e e e e e
FIgUIES . e

Table of Contents

Table of contents.......
List Of fIQUIeS....c.iee e i
Introduction.............

Bibliography........ccooii i



List of Figures

Figure 1. Lateral and cranio-caudal radiographs of the right stifle after tanatalum marker

IMPIANTALION. .. e e e e e e e 12
Figure 2. Longitudinal and mean tibial growth of all dogs........................... 13
Figure 3. Mean cumulative growth............ccoooi i, 14
Figure 4. Growth curve with secondary Y-aXiS..........couveuveiieiieiieaininniannenn 15



Introduction
Rupture of the cranial cruciate ligament (RCCL) in the dog is a common and
economically important problem faced by veterinarians.® To date, the authors know of
no diagnostic test or prophylactic intervention to decrease the incidence of this disease.
While most CCL injuries occur in adult dogs, they have also been reported to occur in

2335 and often as an avulsion of the CCL insertion. >*These cases present a

juvenile dogs
therapeutic dilemma, as many current stabilization techniques (those involving
osteotomies) may be inappropriate for the growing animal. Reattachment of the avulsed
fragment has been recommended in conjunction with another stabilization technique,
particularly if the ligament is stretched or the avulsed fragment comminuted.?

Proximal tibial epiphysiodesis has recently been described as a therapy for
juvenile dogs with cranial cruciate ligament deficient stifles. >°In a prospective case
series of 14 juvenile dogs (aged 4.5 to 8 months) with a total of 22 affected joints,
patients had a cancellous screw placed in the cranio-medial center of the proximal tibial
plateau to cause proximal tibial epiphysiodesis (PTE) with an end result of decreasing the
tibial plateau angle (TPA) as the dog continued to grow. The principle of PTE is that
fusion of the central portion of the proximal tibial epiphysis (cranial aspect of the tibial
plateau) halts growth centrally while allowing the caudal aspect of the plateau to continue
to grow resulting in a decreased TPA at maturity. Greater than one year follow up was
available for all cases and subjectively the gait in all dogs returned to normal. Although

this technique shows some promise, it is important to note that four cases required

additional surgery and the resultant TPA at the time of the dog’s maturity varied. Patient



age at the time of intervention has an obvious effect on the final TPA. Serendipitous
estimates could lead to unwanted results and complications such as excessive change in
the TPA, which may place excess strain on the caudal cruciate ligament ’ or inadequate
reduction in the TPA (TPA greater than 14°) with failure to achieve the clinical results
associated with the ostensible biomechanical advantage the procedure provides.® Canine
musculoskeletal growth and development have been investigated ° and the three separate
centers of ossification of the proximal tibial physis and their time of closure have been
described (lateral condyle, medial condyle and tibial tuberosity)'°The center of
ossification of the proximal tibial epiphysis is reported to appear between three and four
months of age and growth plate fusion is reported to occur between six and eleven
months of age."* To our knowledge, however, the growth dynamics of the proximal tibial
physis of the juvenile dog have not been reported. The objectives of the present study
were to document the growth dynamics from the proximal tibial epiphysis in a breed of
dog that is commonly affected with CCL insufficiency and to generate a growth curve of
the proximal tibial physis. We hypothesized that the mean growth rate of the proximal
tibial epiphysis would decrease over the first year of life. Additionally, we hypothesized
that the growth curve generated in the study would allow estimation of the final TPA of a
patient after PTE surgery.
Materials and Methods
The study design and protocol was approved by the University Of Minnesota

Institutional Animal Care and Use Committee.



Dogs- Six male Labrador Retrievers were enrolled in the study at sixteen weeks
+/- five days of their reported age. Dogs were preanesthetized with hydromorphone (0.1
mg/kg) and acepromazine (0.02 mg/kg) given intramuscularly and were induced with
propofol given to effect (2-4 mg/kg intravenously). Endotracheal tubes were placed and
anesthesia was maintained with isoflurane. Post-operative discomfort was addressed
with a three day course of tramadol (2 mg/kg PO q 12h PRN) administered as needed.
All dogs were part of a local hearing and service program and have subsequently resumed
hearing and service training or were adopted as healthy pets.

Surgical Procedure- Dogs were positioned in right dorso-lateral recumbency.
After standard aseptic preparation of the right medial stifle and pre-scrotal areas, a 3-cm
approach over the cranio-medial proximal stifle using sharp and blunt dissection was
made to expose the proximal tibia. With a goal of implanting a minimum of two markers
above and below the proximal tibial epiphysis to account for attrition a 22-gauge needle
was used to create two or three small, incomplete holes in the epiphysis and metaphysis
of the proximal tibia. 0.5 mm spherical tantalum markers were implanted into each hole
under direct visualization. Closure of the surgical site was performed in routine manner.
Routine closed castration was performed during the same anesthetic episode following
marker implantation. Medio-lateral and caudo-cranial radiographic views of each tibia
were used to confirm implant placement (Figure 1).

Radiographs- Standard table top medio-lateral and caudo-cranial images of the

tibia including tarsus and stifle were made every four weeks (3 days)



beginning at 16 weeks of age until the proximal tibial physis was radiographically closed
and longitudinal growth of the tibia had ceased (56 weeks of age). Radiographs were
similarly positioned each time by trained personnel with the center of the beam focused
on the stifle. The beam was collimated to include only the stifle, tibia and hock.

Data Analysis- Analogue radiographs were evaluated and the distance between
each marker was measured on both projections using a ruler. Each marker above and
below the proximal tibial physis was assigned a letter (e.g. ‘a’, ‘b’ for two markers in the
proximal epiphysis and ‘c’, ‘d’ for the two markers in the proximal metaphysis).
Distances were measured between markers in the epiphysis and metaphysis (e.g. a-c, a-d,
b-c, b-d). These measurements were performed each month and the distance between
markers compared, the difference was considered to represent longitudinal growth (e.g.
Month 5 a-c distance minus Month 4 a-c distance equals the growth of that dog’s
proximal tibia between months 4 and 5). Thus, the longitudinal growth measured here
encompassed thickening of the epiphysis, thickening of the growth plate as well as
longitudinal lengthening of the metaphysis and diaphysis. Measurements were always
made in duplicate by the same individual (CSM). After all data collection, measurements
were compared. If a difference >1mm was found between two measurements, a third
measurement was taken and the two closest measurements were entered as data points.
For the purposes of determining distance between tantalum markers in the epiphysis and
metaphysis, only data from the medio-lateral projection was used. The caudo-cranial
view was used to assess implant stability, i.e. migration. To assess for magnification in

any radiograph, a plexiglass template containing metal markers a known size and



distance (Biomedtrix ®, Boonton, NJ) was taped to the cranial or medial portion of the
tibia of each dog for the medio-lateral and caudo-cranial radiographs, respectively.
Accuracy was also assured by measurement of the distance between the markers in the
metaphysis and between the markers in the epiphysis as a change in distance between
those points was expected to be near zero. If migration of a marker was found at any
time during the study, all measurements from that marker were excluded. Data points
consisting of the distance between markers from each dog were entered into a
spreadsheet. A growth curve was generated by graphing the data documenting mean
growth from 4-13 months of age. Linearity was assessed based on the profile of these
graphs (Figures 2,3). Once the growth curve was generated, a secondary y-axis was
added to allow growth to be measured as a percent of growth from four to 13 months of
life (Figure 4). Finally, data from a previous study® of fourteen dogs that underwent PTE
(for a total of 22 joints) was evaluated. Reported values included beginning TPA, dog
age at time of PTE and end TPA at follow up. This data was plotted along the mean
cumulative growth curve with the secondary y-axis (Figure 4).
Results

No implant associated complications were noted. However, two markers in the
epiphysis migrated in one dog and one marker in the epiphysis migrated in another dog.
At the end of the study, dogs had a minimum of one marker in the proximal epiphysis and
two markers in the metaphysis; all remaining dogs had at least two markers in both the
epiphysis and metaphysis. All data points (including those collected before migration)

from migrated markers were eliminated from analysis. For markers used in data



collection, no duplicate measurement was more than one millimeter different from its
initial measurement.

The maximum longitudinal growth that occurred in an individual dog was 11.4-
mm, and this occurred between months 4 and 5 of age. During that same interval,
another dog grew only 6.5 mm while the mean growth of all dogs was 8.15 mm (Figure
2). One dog experienced virtually no growth (< 0.5 mm) between months 10 and 11
while growing 1.2 mm the following month.

Average monthly growth rate decreased steadily as time progressed (solid thick
black line, Figure 2). Average monthly growth rate was greatest between months four
and five and decreased steadily and non-linearly for individual dogs until 13 months with
the exception of the interval between months 11 and 12 in which average growth rate
increased. Mean cumulative growth (longitudinal growth of all 6 dogs averaged) was 8.1
mm between 4 and 5 months of age and increased steadily and non-linearly until 13
months of age (Figure 3).

Finally, data from a previous study” of fourteen dogs of various breeds and ages
that underwent PTE (for a total of 22 joints) was plotted along the mean cumulative
growth curve with the secondary y-axis (Figure 4). For Labradors (a total of two dogs
and two joints), the model predicted the end TPA to within +/- 1°. For non-Labradors,
the model predicted end TPA within 3.6° with a range of 0° (exact) to 8° ( difference
between actual and predicted). Thus for non-Labradors, our reported Labrador data
predicted end TPA only 45% of the time within the reported inter-observer variability of

3.4°. 12



Discussion

The idea of studying growth of the proximal tibial physis arose from a desire to
provide an opportunity to surgeons for more deliberate planning of PTE in juvenile dogs
with RCCL. These data provide insight into the outcome in the Labrador Retriever dog
after proximal tibial epiphysiodesis. When comparing previous data from Labrador
Retrievers that underwent PTE the growth curve reasonably predicted (+ 1°) the actual
change in TPA. While these two cases are promising in their conformity to the curve
generated, the result must be considered preliminary given the small number of dogs
studied and the fact that individual growth rates can vary greatly from the mean. For
example, when considering the effect of PTE in an individual dog the clinician does not
know if that dog has just completed a growth spurt or will have one immediately after the
surgery; these scenarios may lead to different outcomes. However, given that TPA is
reported to remain unchanged from the age of four months *°, these data may be
considered for use in Labrador Retrievers from that age. Even though growth, and the
effect of PTE, on a month to month basis is somewhat unpredictable because growth of
individual dogs follows a model of saltation and stasis, the end effect was relatively
consistent in the two Labradors we studied. The data was less accurate for non-Labrador
Retriever breeds. Simply, the data presented is arguably better than guessing what the
effect of PTE might be.

We would suggest that the steps in calculating the age at which to perform PTE
when presented with a clinical patient are: 1. Measure current TPA. 2. Calculate desired

end TPA as a percentage of current TPA. 3. From the graph, plot from the secondary y-



axis (percent) to the growth curve. Alternatively, one may predict the end TPA if PTE
were performed at any age by plotting from the x-axis (age) to the growth curve and
matching that point to the secondary y-axis (percentage), determining what end TPA will
be as a percentage of the current TPA.

For example, a 16- week-old puppy is presented with a traumatic cranial cruciate
ligament rupture. 1. The TPA at the time of injury is 25°. 2. Desired end TPA (5°) as a
percentage of current TPA is 5/25 = 0.2 or 20%. 3. Plotting from the secondary y-axis
(20%) to the growth curve, the age on the x-axis (corresponding point along the growth
curve to 20% on the secondary y-axis) is mid-way between 4 and 5 months. Thus, PTE
performed at 18 weeks should effect the desired change in TPA. Alternatively, a 7-
month-old puppy is presented for traumatic cranial cruciate ligament injury. If PTE was
performed at 7 months, one might expect the resultant TPA to be 62.5% of the original
(plotting age from the x-axis to the corresponding point along the curve on the secondary
y-axis). Thus a 7-month-old dog with a TPA of 25° would be expected to have a
resultant TPA of >14° (25 * 0.625 = 15.625) if PTE were performed, therefore an
alternative therapeutic modality should be considered.

We caution against using these findings for the employment of PTE as a
prophylactic surgery for dogs without RCCL as it is unknown whether changing the TPA
has any merit for prophylaxis or even if prophylaxis is epidemiologically justifiable.
Additionally, it is critical this be carefully studied before PTE be considered for
prophylaxis as it has been reported that in the human cadaveric knee, strain on the

anterior cruciate ligament increased with decreased tibial plateau slope*. That is to say



that while tibial osteotomy techniques have a record of clinically improving patients with
known RCCL, tibial plateau angles that are not excessive have been shown not to be
associated with the etiopathogenesis of RCCL™.

It is not surprising that our hypothesis of non-linear growth with a rate that
decreased over time was confirmed, as this is a widely accepted model of normal
mammalian growth termed saltation and stasis. Saltation and stasis is a model derived
from studies in children and proposes that growth occurs as an intermittent process of
long pauses and sudden bursts.***®This pattern of growth has also been documented in
the canine radius™ and ulna. 2 The model of saltation and stasis has a direct clinical
bearing because even with the use of a cumulative curve to predict results of PTE, one
must acknowledge the possibility of anomalous results. While one dog in this study
showed a relatively constant rate of growth, wide variability is noted when comparing the
growth rates among all dogs (Figure 2). It is also likely that more frequent imaging of
each dog (daily or weekly) would have captured the bursts and pauses of saltation and
stasis, however this was outside the scope of this study.

In the present study we did not separate the cranial and caudal aspects of the
proximal tibial epiphysis. Thus, we cannot suggest that differential growth between the
two aspects of the epiphysis contributes to the development of a normal TPA. However,
from the previous report of PTE® and the findings reported here, it seems reasonable to
suggest that a change in the rate of growth of either the cranial or caudal portion of the

proximal tibial epiphysis can alter the TPA.



We may have improved the precision of the data by using simultaneous biplanar
radiography as has been done in previous studies ****However, it is our belief that we
satisfactorily addressed the question that we sought to answer with acceptable precision.
A further potential limitation is the number of dogs that was used. Power analysis was
not performed to determine the ideal number of dogs to enroll. However, previous
similar studies in other species 2* have used this number of subjects. One must also
consider that there is variability in size within as well as among breeds and that the
population of Labradors that were studied here may not represent all Labradors. Despite
these limitations, it is our belief that using this curve to estimate the outcome of PTE is
superior to not using it. Furthermore, assessing growth of the entire tibia may have been
possible by adding markers to the distal epiphysis. Total tibial length was not reported in
the previous study of proximal tibial epiphysiodesis °, so it is unknown whether total
tibial length was affected. It is ultimately unknown if PTE causes significant tibial
shortening. While it would have been interesting, we elected to focus on the proximal
tibia and center the primary beam of the radiograph over the region of interest so error
from radiographic technique could be minimized.

Finally, a recent paper suggested a relationship between early neutering and
RCCL as well as early neutering and excessive TPA%. We may have strengthened this
work by including intact subjects to establish comparative data.

This study documented growth of the proximal tibial physis in the Labrador
Retriever, a breed known to be at risk for rupture of the CCL. These data may serve as a

starting point for the further study of PTE as a therapy for RCCL in the juvenile dog and

10



could be used in the surgical planning of juvenile Labrador Retrievers with RCCL for
PTE. Broadening our understanding of the growth of the proximal tibial physis in dogs is

an important step in optimizing management strategies for RCCL.
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Figures

Figure 1. Lateral and cranio-caudal radiographs of the right stifle after tanatalum marker

implantation. The arrows indicate the position of the 0.5 mm diameter markers.

12



Longitudinal and mean tibial growth of all dogs

Change in marker distance (mm)

0 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13

Growth interval (months)

Figure 2. The longitudinal bone growth from the proximal tibial physis of all six dogs is
represented as the change in marker distance (y-axis) plotted against time (x-axis). The
thick solid line represents the mean change in marker distance of all six dogs (proximal

tibial physeal growth rate).
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Mean Cumulative Growth

Change in marker distance

4 5 6 7 8 9 10 11 12 13
Age (months)

Figure 3. Mean Cumulative Growth. Longitudinal bone growth from the proximal tibial

physis (“growth curve”) including standard deviation.
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Figure 4. A secondary y-axis indicating percentage growth is added to the growth curve.
Data from a previous study ° of 14 patients with a total of 22 treated joints that underwent
PTE is plotted along the growth curve. Labrador Retrievers (two) are represented by
open circles while the joints that received surgery (20) from non-Labrador dogs are
represented by closed squares. Five stifles had nearly identical outcomes indicated by a 2
next to the closed square. The closer to the growth curve, the more accurately the model
predicted the outcome (change in TPA). Refer to discussion for using this graph as a

clinical tool.
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