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INTRODUCTION

Abstract

Background: This study aimed to determine whether Blumensaat’s line, a
consistently present radiographic feature delineating the peak of the femoral
intercondylar fossa, could be used to assess for cranial tibial subluxation in
canine stifles with cranial cruciate ligament disease.

Methods: Thirty sequential, neutrally positioned, standing-angle stifle radio-
graphs were taken from dogs presenting to a specialist referral centre for treat-
ment of cruciate ligament disease. Thirty similarly positioned radiographs of
healthy canine stifles were used as a control group. The radiographs were
anonymised and submitted to blinded observers for measurement of the
tibial plateau angle, patella tendon angle, Blumensaat’s line length and the
length of Blumensaat’s line cranial to the tibial mechanical axis.

Results: Finding that the tibial mechanical axis intersects Blumensaat’s line
cranial to its midpoint, as a marker of cranial tibial subluxation, had a posi-
tive predictive value of 76% for subsequent surgical identification of cruciate
ligament disease.

Conclusions: Tibial cranial subluxation is detectable and quantifiable radio-
graphically using the intersection of the tibial mechanical axis and Blumen-
saat’s line. Once quantified, this measurement could be used both as a radio-
graphic marker of cruciate ligament disease and to adjust tibial osteotomy
procedures to minimise the risk of under advancement of the tibial tuberos-
ity resulting in a persistently unstable stifle.

these patients including both intra- and extracap-
sular stabilisation and tibial osteotomy techniques.

Canine cruciate ligament (CCL) disease is a common
cause of pelvic limb lameness in dogs, and is signif-
icant both economically and with respect to canine
welfare."” Following failure of the cranial cruciate
ligament, degenerative joint disease develops rapidly
and progresses, at least in some part, due to the insta-
bility of the stifle joint to rotational and translational
forces.>* Surgical treatment is commonly recom-
mended in canine patients with CCL rupture, and has
been shown to provide a better chance of a success-
ful outcome compared to conservative management
in most patient groups, particularly larger dogs.” A
variety of surgical treatment options exist for treating

Tibial tuberosity advancement (TTA) and triple tibial
osteotomy (TTO) are examples of osteotomy tech-
niques that aim to alter the angle between the patella
tendon and the tibial plateau to 90° to neutralise
the femorotibial cranial shear force that exists in the
absence of a functional CCL.%®

Both these procedures rely on accurate preoper-
ative assessment of the patella tendon angle (PTA)
relative to the tibial plateau. However, the degree of
correction suggested by these assessments can be
affected by a number of factors including the method
of assessment used and the radiographic positioning
of the stifle.” Herein lies the clinical conundrum, as
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cranial cruciate ligament insufficiency is both the
reason for surgical intervention, and, where cranial
tibial subluxation is present, this will undoubtedly
lead to an alteration of the assessed PTA and hence
failure of accurate planning for that surgical inter-
vention. If the PTA calculated is underestimated, then
the associated correction is also likely to be underes-
timated. Under advancement of the tibial tuberosity
is common, potentially resulting in suboptimal clin-
ical outcome due to ongoing instability generated by
femorotibial cranial shear force, highlighting the need
for a mathematical correction for surgical planning
inaccuracies.'%!!

Damage to the medial meniscus is a common
sequelae to cruciate ligament failure in the canine sti-
fle, with up to 70% of cruciate deficient stifles reported
to have a medial meniscal tear.'> Meniscal tears can
also occur, and/or be identified, subsequent to CCL
surgery as a late meniscal injury.'®>!* These tears may
have been present at the time of surgery as latent or
hidden meniscal injuries or they may have occurred
at some time after the surgery, due to residual insta-
bility, and be postliminary tears.'® Late meniscal tears
are the most common cause for surgical revision.'%!”
Correct assessment of the PTA leading to an appro-
priate advancement and subsequent neutralisation of
cranial femorotibial shear force is therefore of criti-
cal importance in planning these procedures, as under
advancement of the tibial tuberosity has been asso-
ciated with persistent tibial thrust and postoperative
meniscal tears.' "

Blumensaat’s line is a consistently visible radio-
graphic feature, used for morphological assessment in
human cruciate ligament surgery, and delineates the
peak of the femoral intercondylar fossa on a medi-
olateral radiograph of the stifle.'” A previous study
has shown that the PTA measured from a stifle radio-
graph is significantly affected by the degree of flex-
ion of the stifle from the positioning of the patient.’
Following from this observation, a precursor to this
study showed that Blumensaat’s line was also a consis-
tent feature in normal canine stifles and could be used
to indirectly assess femoral alignment and hence aid
measurement of stifle flexion angle, which can then
be used to correct calculated PTAs and improve the
presurgical planning for TTA and TTO procedures.?’
During this study, in which healthy canine stifle joints
were radiographed, the authors proposed that the line
corresponding to the tibial mechanical axis perfectly
bisected Blumensaat’s line.

The main aim of the current study was to assess
whether the tibial mechanical axis intersecting Blu-
mensaat’s line at a point cranial to its midpoint is a
consistent finding in cruciate deficient stifles. Secon-
darily, if cranial tibial subluxation can be quantified,
then a mathematical correction for the degree of sub-
luxation could be proposed for surgical planning for
TTA and TTO procedures.

Our hypothesis was that the tibial mechanical axis
intersecting Blumensaat’s line at a point cranial to its
midpoint would correlate with findings of partial or
complete cranial cruciate ligament failure at surgery.

METHODS

Power calculations were performed, based on a p-
value of 0.05 with projected incidence of radiographi-
cally detectable cranial tibial subluxations of 40%-80%
and a 8 value of 0.1. These gave required sample sizes
of between 8 and 28 stifles (Microsoft Excel, Redmond,
WA, USA). A previous cadaveric study looking at cra-
nial tibial subluxation in cruciate deficient stifles per-
formed power calculations that produced a required
sample size of 12.%!

Neutrally positioned mediolateral stifle radiographs
were taken for 30 sequentially presenting dogs under-
going surgical treatment planning for cranial cruciate
ligament disease at a single referral hospital. Radio-
graphs were positioned and taken by an experienced
radiographer using a previously documented, repeat-
able technique, which has been advocated for TTO
surgical planning.’’ Radiographs were rejected if there
was more than a 2 mm imperfect superimposition of
the femoral condyles. Patients were excluded if they
were subsequently found at surgery not to have par-
tial or complete cruciate ligament failure. In addition
to signalment, data collected and recorded at surgery
from these cases included whether the CCL appeared
torn grossly, what proportion of the CCL appeared torn
(0%—-24%, 25%—-49%, 50%—74%, 75%—99% or 100%) and
whether a meniscal tear was present. Data from a pre-
vious study population in which the authors radio-
graphed healthy dogs’ stifles were used as a control
group.?’

Thirty cases were randomly selected from the his-
toric, healthy stifle control group by assigning case
numbers and using a random list generator (www.
random.org/lists). All radiographs were then ran-
domised and anonymised of all signalment informa-
tion and submitted to blinded observers in a DICOM
format for digital assessments. Radiographic measure-
ments were made using commercial software (Horos,
Annapolis, MD, USA/Osirix, Geneva, Switzerland). The
observers, who were blinded from the final purpose
of the study, consisted of an intern in small ani-
mal orthopaedics (Lida Pappa), a European College of
Veterinary Surgeons (ECVS) final-year resident (Pablo
Pérez Lopez) and an ECVS specialist in small animal
surgery (Robert Quinn). Observers were asked to mea-
sure TPA, PTA, Blumensaat’s line length and the length
of Blumensaat’s line cranial to the tibial mechanical
axis.

The following definitions and images (Figure 1) were
supplied to the blinded observers:

Blumensaat's line (Figure 1a) is the line which can be
seen across the femoral condyle, illustrating the peak
of the intercondylar fossa.

Mechanical axis of the tibia (Figure 1b) is a line
through the centre of the intercondylar eminence on
the tibial plateau and the centre of the tibiotarsal joint.

Tibial plateau angle (Figure 1c) is the angle between
a line perpendicular to the tibial mechanical axis and
the medial tibial plateau.

Patella tendon angle (tibial plateau method)
(Figure 1d) is the angle between the medial tibial
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FIGURE 1

Images demonstrating measurements requested (yellow) from the blinded observers. (a) Blumensaat’s line—a consistently

visible radiographic feature, extending from the cranial most to the caudal most margin of the femoral condyles, delineating, at the region of
maximal opacity, the peak of the femoral intercondylar fossa. (b) Distance of Blumensaat’s line cranial to a line continuous with the tibial
mechanical axis. (c) Tibial plateau angle. (d) Patella tendon angle, tibial plateau method. The angle between the medial tibial plateau line; a
line intersecting the cranial and caudal borders of the medial tibial plateau, and a line along patella ligament from the tibial crest to the most

cranial distal extent of the patella

plateau line and a line along patella tendon from the
tibial crest to the most cranial distal extent of the
patella.

Two of the blinded observers, the ECVS specialist
and the final-year ECVS resident, additionally mea-
sured the angle between Blumensaat’s line and the
mechanical axis of the tibia. These measurements
were used to compare mean estimated stifle angles
between the groups according to a previously pub-
lished method (Table 1).2°

Following initial analysis by the blinded observers,
radiographs of stifles found at surgery to have par-

TABLE 1 Estimated stifle angles in the healthy stifles and
cruciate deficient stifles groups

Estimated stifle angle
Healthy stifles 124.5+15.8
Cruciate deficient stifles 119.8 + 14.1

tial or complete failure of the cranial cruciate ligament
were assessed by one of the authors (Sebastian Prior)
and planned for TTA surgery as described previously.'°
TTA surgery was planned for each stifle before and
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TABLE 2

FIGURE 2 Aproposed tibial tuberosity
advancement procedure in a canine cruciate
ligament deficient stifle with (right) and without
(left) adjustment based on the tibial cranial
subluxation demonstrated by assessment of the
bisection of Blumensaat’s line by the tibial
mechanical axis. The proposed advancement is
increased by the distance between the midpoint of
Blumensaat's line and the point at which a line
continuous with the tibial mechanical axis bisects
Blumensaat's line (red arrow)

Four-cell matrix used to calculate sensitivity, specificity, positive and negative predictive values

CCL failure

Healthy stifle

Blumensaat’s line cranial to
the tibial mechanical axis

True positive (A)

Blumensaat’s line not cranial
to the tibial mechanical axis

False negative (C)
Sensitivity = A/(A+ C) x 100

False positive (B) Positive predictive

value = A/(A+ B) x 100
True negative (D)

Specificity = D/ (B + D) x 100

Negative predictive
value = D/(C+ D) x 100

Abbreviation: CCL, canine cruciate ligament.

after adjustment for tibial cranial subluxation based
on the cranial intersection of Blumensaat’s line by the
tibial mechanical axis (Figure 2). The adjustment was
made by extending the advancement by the distance
from the midpoint of Blumensaat’s line to the inter-
section of Blumensaat'’s line and the tibial mechanical
axis.

Data were recorded and returned using com-
mercial spreadsheet software (Microsoft Excel) and
subsequently analysed using both spreadsheet and
statistical analysis software (Microsoft Excel) (IBM
Corp. IBM SPSS Statistics, Version 27.0, Armonk,
NY, USA).

Statistical analysis

The data for weight, age, TPA, PTA and Blumensaat’s
line length (all observers) were assessed for normal-
ity with a Shapiro-Wilk test for both the affected sti-
fles and healthy stifles groups. The age and weight data
from both groups were compared using the indepen-
dent samples Kruskal-Wallis test. The mean estimated
stifle angles in the healthy stifles and cruciate deficient
stifles groups were compared using a two-tailed ¢-test.
The percentage of Blumensaat’s line found to be cra-
nial to an extension of the tibial mechanical axis in
the healthy stifles and cruciate deficient stifles groups
were compared using an unpaired two-tailed #-test.
The interobserver reliability was assessed using lim-
its of agreement of mean difference in measurement,
standard error mean and linear regression. The pos-
itive predictive value of using cranial intersection of
Blumensaat’s line by the tibial mechanical axis was
calculated as previously described using a four-cell
matrix (Table 2).22

RESULTS

The cruciate deficient stifles group (n = 30) contained
the following breeds: labrador (six), golden retriever
(four), crossbreed (four), beagle (two), cocker spaniel
(two), bearded collie (one), boxer (one), cavalier King
Charles spaniel (one), border collie (one), English
springer spaniel (one), Jack Russell terrier (one), Lan-
cashire healer (one), rottweiler (one), Siberian husky
(one), Staffordshire bull terrier (one), Victorian bull-
dog (one) and west highland white terrier (one). There
were 14 neutered males, 13 neutered females, two
entire males and one entire female dog in the cruciate
deficient group. The mean age of the cruciate deficient
group was 82.4 months with the median 81 months.
The mean weight of the cruciate deficient group was
24.25 kg with the median weight 25.15 kg.

The control group (n = 30) contained the follow-
ing breeds: labrador (10), English springer spaniel
(three), Staffordshire bull terrier (three), crossbreed
(two), dogue de Bordeaux (two), German shepherd
dog (two), Chinese shar pei (two), cocker spaniel
(one), dobermann (one), border collie (one), dalma-
tian (one), Musterlander (one) and old tyme bulldog
(one). The mean age of the healthy stifles group was
61.1 months with the median 45 months. The mean
weight of the healthy stifles group was 27.8 kg with the
median weight 27.5 kg.

In the cruciate deficient stifles group, the data for
PTA were found to be distributed normally. The data
for age, weight, TPA and Blumensaat’s line length were
all found not to be distributed normally.

In the healthy stifles group, the data for PTA were
found to be distributed normally. The data for age,
weight, TPA and Blumensaat’s line length were all
found not to be distributed normally.
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FIGURE 3 Box-whisker distribution plots assessing healthy stifles (control) and cruciate deficient stifles (case) groups

TABLE 3
angle (PTA)

Mean values measured by blinded observers for case and control groups for tibial plateau angle (TPA) and patella tendon

Mean case Mean control Mean case Mean control
TPA TPA PTA PTA
Observer 1: orthopaedic intern 26.2° 25.7° 102.9° 107.9°
Observer 2: ECVS resident 25.2° 23.3° 101.4° 104.9°
Observer 3: ECVS specialist 29.2° 28.3° 105.4° 110.0°
All observers 26.9° 25.7° 103.2° 107.6°

Abbreviation: ECVS, European College of Veterinary Surgeons.

The weight distribution was found not to be signifi-
cantly different between the groups (p = 0.06) (healthy
stifles; median 27.5 kg, minimum 17 kg, maximum
42 kg, 95% confidence intervals 26.3-29.3 kg) (cruci-
ate deficient stifles; median 25.2 kg, minimum 7.9 kg,
maximum 41.2 kg, 95% confidence intervals 22.4-
26.2 kg). The age distribution was found to be differ-
ent, with the healthy stifles group having a younger age
profile (p < 0.001) (healthy stifles; median 45 months,
minimum 16 months, maximum 171 months, 95%
confidence intervals 51.8-70.3 months) (cruciate defi-
cient stifles; median 81 months, minimum 18 months,
maximum 147 months, 95% confidence intervals 75.8—
89.1 months) (Figure 3).

The estimated stifle angles were found not to be sta-
tistically different between the two groups (p = 0.62)
(Table 1).

The mean TPA and PTA of the two groups as mea-
sured by the observers are shown in Table 3.

All three observers found a significant difference
between the groups in the proportion of Blumensaat’s
line which was cranial to an extension of the tibial
mechanical axis (Table 4 and Figure 4).

Interobserver reliability was assessed using limits
of agreement of mean difference in measurement
(Table 5 and Appendix 1), standard error mean and lin-
ear regression.

Of our 30 cases, there were 15 complete and 15 par-
tial cruciate tears (Table 6). The length of Blumensaat’s
line found to be cranial to the tibial mechanical axis
was found to be similar in complete and partial tears
(mean 8.9 and 9.4 mm).

The mean difference in proposed TTA across all
cases was 2.4 mm (range 0-9 mm) (Table 7). In only
cases where cranial tibial subluxation was identified
radiographically, the mean difference was 3.4 mm.

DISCUSSION

Radiographically measurable cranial tibial subluxa-
tion provides two clinical benefits. Firstly, detection
of tibial cranial subluxation can aid the reaching of a
diagnosis of CCL insufficiency and secondly it could
be used, as demonstrated, to adjust measurements
used for planning of proposed tibial osteotomy pro-
cedures reliant on PTA assessment. Previous studies
have highlighted a variable degree of effacement of the
infrapatellar fat pad opacity in radiographs of cruciate
deficient stifles.”>?* This feature is however not spe-
cific to cruciate failure, rather implying stifle joint effu-
sion or increased intra-articular soft tissue.?*?> There
are radiographic markers of degenerative joint dis-
ease such as osteophytosis, enthesiophytosis and sub-
chondral sclerosis which have also been suggested as
useful in the diagnosis of cruciate disease, but these
signs are similarly not specific to the cruciate deficient
stifle.”>~*° Cadaveric studies have shown that follow-
ing transection of the CCL, significant cranial tibial
cranial subluxation can be present.'!*® Radiographi-
cally detectable signs of cranial tibial translation are
useful in the diagnosis of CCL failure because the
manual assessments through cranial drawer and tib-
ial compression tests have limitations, especially when
these are performed in the conscious patient.”” Cra-
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TABLE 4

Blinded observers’ measurements of the percentage of Blumensaat’s line found cranial to an extension of the tibial
mechanical axis

Case Control
Case Case Case confidence Control Control Control confidence
Observer median maximum minimum intervals median maximum minimum intervals
Orthopaedic intern 44.6% 70.1% 22.6% 39.4%-50.3% 64.8% 85.6% 47.3% 60.9%-67%
ECVS resident 42.2% 65.2% 14.3% 33.8%-45% 56.5% 73.9% 40.9% 54.7%-60.9%
ECVS specialist 39.2% 60.4% 6.5% 32.1%-42.3% 52.7% 79.7% 41.9% 51.3%-59.4%
Combined observers 43.1% 70.1% 6.5% 37.4%-43.5% 58.3% 85.6% 40.9% 56.5%-60.5%

Abbreviation: ECVS, European College of Veterinary Surgeons.
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A box-whisker plot of the percentage of Blumensaat’s line cranial to an extension of the tibial mechanical axis as measured

by the orthopaedic intern (p < 0.001), the European College of Veterinary Surgeons (ECVS) resident (p < 0.001), the ECVS specialist

(p < 0.001) and all observers combined (p < 0.001)

TABLE 5 Interobserver reliability assessed with mean difference in measurement, standard error mean and linear regression
Standard 95% confidence
Mean Standard error interval of the
Interobserver variability difference deviation mean p-Value difference
Orthopaedic intern Blumensaat’s line -0.2 1.39 0.18 0.03 —0.056 to 0.16
versus ECVS resident cranial to the tibial
mechanical axis
TPA 1.73 4.07 0.52 0.001 0.68-2.78
PTA 2.2 3.97 0.51 0.176 1.17-3.23
Orthopaedic intern Blumensaat’s line 1.44 1.44 0.18 0.279 1.06-1.81
versus ECVS cranial to the tibial
specialist mechanical axis
TPA —2.74 4.61 0.59 0.00004 -3.93to —1.55
PTA —2.31 4.44 0.57 0.008 —-3.46to —1.16
ECVS resident versus Blumensaat's line 1.63 1.42 0.18 0.00003 1.23-2.01
ECVS specialist cranial to the tibial
mechanical axis
TPA —4.47 3.81 0.49 0.205 —5.45t0 —3.49
PTA —4.5 3.4 0.44 0.079 -5.39to -3.63

Abbreviations: ECVS, European College of Veterinary Surgeons; PTA, patella tendon angle; TPA, tibial plateau angle.

nial translation of the tibia has been demonstrated
radiographically previously by showing the tibial emi-
nences and the caudal margin of the fibula displaced
cranially relative to the normal neutral position.”®
It has also been shown that the degree of cranial

translation that can be demonstrated radiographically
is greater in cruciate deficient stifles compared to
those with partially deficient cruciate ligaments and
intact cruciate ligaments.?? In human patients, passive
anterior tibial subluxation of over 3.5 mm, detected via
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TABLE 6 Subjective visual assessment of the degree of canine
cruciate ligament (CCL) damage and meniscal injury

Number of

Number of these cases
Percentage of CCL cases with this found to have
damaged damage meniscal injury
0%—24% 3 0
25%-49% 2 0
50%-74% 4 0
75%-99% 6 1
100% 15 5

TABLE 7 Tibial tuberosity advancement (TTA) planned with
and without adjustment for tibial cranial subluxation based on
Blumensaat’s line

Proposed Proposed

advancement advancement

without with Difference in
Case adjustment adjustment advanceme
No. (mm) (mm) (mm)
1 17 17 0
3 13 13 0
6 14 14 0
7 13 13 0
8 6 10 4
9 10 5
10 12 14 2
11 18 18 0
15 12 15 3
18 12 12 0
19 8 11 3
21 3 7 4
22 11 11 0
23 8 11 3
26 7 9 2
28 5 8 3
31 12 12 0
38 5 14 9
39 18 20 2
40 4 8 4
44 4 9 5
45 11 17 6
47 7 9 2
49 11 12 1
50 9 12 3
52 19 21 2
53 5 8 3
58 14 18 4
59 8 10 2
60 8 8 0
Mean 9.97 12.37 2.4

TABLE 8 Positive predictive value (PPV), negative predictive
value (NPV), sensitivity and specificity of <50% Blumensaat’s line
cranial to an extension of the tibial mechanical axis for canine
cruciate ligament (CCL) deficiency

Observer PPV NPV  Sensitivity Specificity
Orthopaedic intern ~ 86% 71% 63% 90%
ECVS resident 81% 74% 70% 83%
ECVS specialist 66% 75% 80% 60%
Overall 76% 2% 71% 77%

Abbreviation: ECVS, European College of Veterinary Surgeons.

TABLE 9 Positive predictive value (PPV), negative predictive
value (NPV), sensitivity and specificity of <40% Blumensaat’s line
cranial to an extension of the tibial mechanical axis for canine
cruciate ligament deficiency

Observer PPV NPV Sensitivity  Specificity
Orthopaedic intern  100%  64% 37% 100%
ECVS resident 100%  64% 50% 100%
ECVS specialist 100%  64% 50% 100%
Overall 100%  62% 47% 100%

Abbreviation: ECVS, European College of Veterinary Surgeons.

MR, has been used as a highly specific and sensitive
diagnostic marker for complete anterior cruciate liga-
ment tears.?3!

In our study, all the blinded observers found a sta-
tistically significant difference in the percentage of
Blumensaat’s line that was cranial to an extension of
the tibial mechanical axis in the cruciate deficient sti-
fles group compared to healthy stifles (Figure 4 and
Table 4). Therefore, we accept our hypothesis, that the
tibial mechanical axis intersecting Blumensaat’s line at
a point cranial to its midpoint correlates with surgical
findings of cranial cruciate ligament disease. We pro-
pose that this displacement is associated with stretch-
ing or tearing of the diseased ligament.

In our data, the tibial mechanical axis intersecting
Blumensaat’s line at a point cranial to its midpoint had
a positive predictive value of 76%, a sensitivity of 71%
and a specificity of 77% for CCL disease (Table 8). If the
intersection of Blumensaat’s line by the tibial mechan-
ical axis was in the cranial two-fifths, that is <40% was
cranial to the intersection, the positive predictive value
and specificity reached 100% in our data, although
sensitivity at this intersection point was poor at 47%
(Table 9).

A previous study which assessed diagnostic tests for
cruciate ligament failure in dogs found that another
radiographic marker, effacement of the infrapatellar
fat pad, assessed by a specialist and final-year resident,
had a perfect positive predictive value and specificity
in their sample population.”” However, effacement
of the fat pad is not specific to cruciate failure and
can be present with stifle joint effusion or increased
intra-articular soft tissue.?*">°> Our results suggest that
a quick and simple assessment of where the tibial
mechanical axis intersects Blumensaat’s line could
add to other radiographic and clinical evidence when
making a diagnosis of CCL disease. This radiographic
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TABLE 10 False positives from 30 control radiographs using
Blumensaat’s line cranial to an extension of the tibial mechanical
axis for canine cruciate ligament (CCL) deficiency

False False
positives at positives at
Observer 50% cranial 40% cranial
Orthopaedic intern (/30) 3 0
ECVS resident (/30) 5 0
ECVS specialist (/30) 12 0
Overall (/90) 20 0

Abbreviation: ECVS, European College of Veterinary Surgeons.

feature should not be considered definitive, with false
positives, particularly at 50% of Blumensaat’s line
cranial (Table 10), making this inappropriate. As such,
we do not propose its use alone as justification for
more invasive stifle procedures.

Our data were produced from a group of radio-
graphs in which half were from cruciate deficient
stifles, that is a population in which the true dis-
ease prevalence was 50%. The positive and negative
predictive values, sensitivity and specificity of a diag-
nostic test depend on the prevalence of the target
condition.?” The prevalence in our data is not repre-
sentative of the general canine population, and as such
the performance of this radiographic marker may be
found to be different if radiographs were representa-
tive of a more general population. However, the preva-
lence of cruciate failure in stifles undergoing radiogra-
phy is likely to be higher than that seen in the general
population. How representative the 50% prevalence
used in our data is of this population is unclear.

A more recent study used a handmade, custom-
designed radiographic positioning device to apply a
force across the stifle to demonstrate cranial tibial
translation radiographically.®” Cranial tibial subluxa-
tion has also been assessed by placing radiographic
markers at the sites of origin and insertion of the cru-
ciate ligament in cadaveric limbs.** A study looking at
radiographic assessment of cranial tibial translation
concluded that it was reliably detected by measuring
the distance between the caudal margin of the inter-
condylar fossa and the intercondylar eminence of the
tibia.?!

Our data demonstrate a simple method by which
cranial tibial subluxation can be quantified on a stan-
dard or cropped radiograph in clinical cases. The abil-
ity to use a cropped radiograph is beneficial because
it can be difficult, or impossible, to include the entire
pelvic limb in larger dogs. With this proposed method,
tibial cranial subluxation can be quantified so long
as the tibial mechanical axis can be defined and its
intersection with Blumensaat’s line identified. The
directional quantification of subluxation we propose
has the secondary benefit in mimicking the distance
which the patella effectively sags and the distorts the
assessment of PTA—hence its use may allow correc-
tion for this displacement in surgical planning.

TTA and TTO procedures aim to neutralise the
femorotibial cranial shear force acting on the CCL
deficient stifle, thus creating a dynamically stable sti-

fle joint with a PTA of 90°.'53* Correct calculations
and measurement of the PTA in TTO and TTA proce-
dures are crucial in order to neutralise this force. If
the PTA remains greater than 90°, studies have sug-
gested a cranial tibial shear force may continue to
be present.'®!13> When cranial tibial subluxation is
present in the radiograph used to plan the corrective
osteotomy, the patella and femoral condyles are dis-
placed more caudally than in the anatomically correct
position. As the patella likely maintains contact with
the femoral condyle in all but the most disrupted of
stifles, this condylar displacement equates to the cau-
dal patella sag. As such there is a risk that the proposed
osteotomy results in an under advancement of the tib-
ial tuberosity. This was confirmed in a previous study
of cadaveric stifles, which demonstrated that cranial
tibial subluxation, present after transection of the CCL
changes the measurements for TTA.° The radiographs
taken of cruciate deficient stifles in our study were
assessed and TTA procedures planned by one of the
authors (Sebastian Prior). Of the 30 cruciate deficient
stifles in this group, 21 had tibial cranial subluxation
detected using assessment of the tibial mechanical
axis and Blumensaat’s line. Using Blumensaat’s line
to adjust for this would have produced a mean addi-
tional advancement of 2.4 mm (range 0-9 mm) across
all 30 CCL deficient stifles (Table 7) and of 3.4 mm in
the 21 where cranial tibial subluxation was detected
based on the intersection of Blumensaat’s line by the
tibial mechanical axis. These distances are significant
enough to alter the implants that would be selected
should this osteotomy procedure be performed.

To our knowledge, the proportion of cruciate defi-
cient stifles that have radiographically detectable cra-
nial tibial subluxation has not been reported, so how
representative our study population was in this regard
remains unclear. While the mean values reported in
this study are illustrative, additional advancement to
this degree in all cases would not be appropriate given
the wide variability in the additional advancement
proposed (range 0-9 mm).

Further studies would be required to demonstrate
the clinical effect of this proposed correction, however,
based on our data from clinically affected patients, we
suggest that case by case adjustment for cranial tibial
subluxation using Blumensaat’s line and the method-
ology described warrants further consideration.

During the study, the surgeon or resident involved in
the CCL surgical cases was asked to make a subjective
assessment of what proportion of the CCL was torn
(Table 6).

Of the 30 cases, only six patients had suffered menis-
cal injury identified at the time of surgery, making the
sample size too small to assess whether Blumensaat’s
line was a useful marker to predict this without risking
a type II statistical error. All cases of meniscal injury
were found in stifles where the proportion of the CCL
damaged was subjectively assessed by the surgeon as
75% or greater.

Interobserver variability showed some evidence of
proportional bias in one set of observer compar-
isons in each of the measures assessed in our data.
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Table 5 shows linear regression for the mean dif-
ference in measures, and for the proportion of Blu-
mensaat’s line cranial to the tibial mechanical axis,
the orthopaedic intern and ECVS specialist pairing p-
value suggest some proportional bias. In the TPA mea-
sures, there was a similar finding between the ECVS
resident and specialist while in the PTA measures,
this was found between the orthopaedic intern and
ECVS resident. Despite this, limits of agreement scat-
ter plots for the proportion of Blumensaat’s line cra-
nial to the tibial mechanical axis show that 95% of
the difference in measures fall within two standard
deviations of the mean in each of the observer com-
parisons, suggesting an acceptable level of agreement
(Appendix 1).%7

There was significant variation in the measured TPA
across the three observers (Table 3). A study of nearly
4000 dogs with CCL disease found that the average TPA
was 29°.%% In our study, the ECVS specialist observer
found the mean TPA of cruciate deficient dogs to be
very close to this value at 29.2° with the ECVS resi-
dent finding a mean TPA of 25.2° and the orthopaedic
intern 26.2°. Specialist orthopaedic surgeons mea-
sure TPA with significant frequency for planning tibial
osteotomy procedures. While residents and interns are
involved in this at times, the increased familiarity and
frequency with which a specialist surgeon performs
these measurements may go some way to explaining
the differences observed here.

The observers in this study were blinded from
the aims of the study and hence may not have fully
appreciated the significance of the accuracy of the
assessments which were asked of them, however we
felt that blinding was an important aspect of this
prospective investigation. This interobserver variabil-
ity being present did not however detract from the
consistent finding of the more cranial intersection
of tibial functional axis and Blumensaat’s line, irre-
spective of observer in patients with cranial cruciate
ligament insufficiency.

While the proposition from the previous study that
Blumensaat’s line was perfectly bisected by the tib-
ial functional axis, was not corroborated in our data
(Figure 4), cranial tibial subluxation was a consistent
feature in the stifles with demonstrated cruciate dis-
ease. Quantification of the degree of subluxation along
Blumensaat’s line might be proposed to be measured
from the midpoint of that line if only one stifle radio-
graph is available for assessment from the affected
patient, or in the presence of bilateral disease. As an
alternative, radiography of the contralateral, clinically
unaffected stifle, where possible to compare this find-
ing, might allow for more accurate quantitative assess-
ment of the degree of cranial tibial subluxation for an
individual surgical case.

LIMITATIONS

This study has a number of limitations. The number
of blinded observes was small and contained only one
observer of each type (ECVS specialist, ECVS resident,

orthopaedic intern). Having more observers might
have reduced the impact of individual variations in
measurement techniques.

Our case sample series contained the lower end
of reported incidence of CCL deficient stifles that
had suffered meniscal damage. As cranial tibial shear
force is associated with meniscal damage, it is pos-
sible that our CCL deficient stifles did not suffer as
much cranial tibial subluxation as a more represen-
tative sample group, although if this were the case,
then the findings of this study may have been even
more evident in a group with more cases of meniscal
injury.

The stifle angles were not directly measured in the
case radiographs and this may have introduced a
source of error in degree of cranial tibial subluxation
and indeed in PTA assessments, however the method-
ology for radiographic positioning was consistent with
a previously recommended technique, used for both
the case and control population in this study and the
estimated stifle angles were not found to be statisti-
cally different between groups (Table 1).%°

While observers were blinded from the reason for
the measurements in this study, they could not be
blinded from the presence of other radiographic fea-
tures of cruciate disease, that is stifle effusion and
degenerative joint disease.

CONCLUSIONS

Tibial cranial subluxation is detectable and quantifi-
able radiographically using assessment of the posi-
tion of the intersection of the tibial mechanical axis
and Blumensaat’s line. The clinical significance of this
is that, in addition to contributing to the diagnosis
of CCL disease, once quantified this feature may be
used to adjust tibial osteotomy procedures to min-
imise the risk of under advancement of the tibial
tuberosity.
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