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Abstract
Background: Cranial cruciate ligament disease (CCLD) is common in dogs,
but studies on the long-term treatment outcome are scarce.
Methods: The long-term outcome in a cohort of 71 dogs with CCLD treated
with tibial plateau levelling osteotomy (TPLO, n = 18), tibial tuberosity
advancement (TTA, n = 23) or lateral fabellotibial suture (LFS, n = 30) was
evaluated using the canine orthopaedic index.
Results: The risk of stiffness and lameness was increased in dogs treated with
TPLO (stiffness: incidence rate ratio [IRR] 1.33, p = 0.015; lameness: IRR 1.34,
p = 0.020) or TTA (stiffness: IRR 1.26, p = 0.035; lameness: IRR 1.31, p = 0.026)
when compared to LFS at a median follow-up time of 4.6 years.
Limitations: No follow-up veterinary examination was performed. Data
were collected from only two university animal hospitals, and thus, a refer-
ral bias towards more complicated cases is possible, which may limit the
generalisability of the results.
Conclusion: Clinicians can use the results to inform dog owners about the
expected long-term outcome in dogs with CCLD.
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INTRODUCTION

Cranial cruciate ligament disease (CCLD) is one of the
most common orthopaedic conditions in dogs and the
most common stifle joint disease requiring veterinary
care.1,2 The disease generally affects middle-aged to
older dogs and large-sized breeds, although dogs of
all ages and sizes may develop the condition.3–5 There
are over 60 variations of surgical procedures described
for the treatment of CCLD, which are divided into
osteotomy procedures such as tibial plateau levelling
osteotomy (TPLO) and tibial tuberosity advancement
(TTA), extracapsular stabilisation procedures such as
lateral fabellotibial suture (LFS) and intra-articular
stabilisation procedures.6–9

The outcome after surgical treatment of CCLD is
generally reported as successful,10–16 although high-
quality studies comparing the intermediate- to long-
term outcome in dogs treated with different surgical
techniques are sparse.8,17 According to a recent review
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of TPLO and TTA, there is not enough evidence to
support one method over the other.17 However, a
couple of earlier reviews concluded that TPLO is
the method most likely to return dogs to normal
function8 and is associated with lower complica-
tion rates, improved clinical–functional outcomes and
less osteoarthritis (OA) progression than TTA.18 How-
ever, OA progresses in the affected joint regardless
of the treatment method, and chronic pain is fre-
quently reported in dogs with CCLD despite surgical
treatment.11,12,19–21

Treatment outcome in dogs with CCLD has been
evaluated in several ways, for example, by using
force plate gait analysis, visual gait observation,
orthopaedic and physiotherapeutic examination,
radiography for evaluation of OA progression and
owner questionnaires.8,17,22–29 Owner question-
naires based on behaviour are considered one of
the most reliable tools for assessment of chronic
pain in dogs.30–32 There are several questionnaires
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available, such as the canine orthopaedic index (COI),
the Helsinki chronic pain index (HCPI), the Liver-
pool osteoarthritis in dogs, the canine brief pain
inventory (CBPI) and the Bologna healing stifle injury
index (BHSII).33–37 The COI is available in a validated
Swedish version and has previously been used to
evaluate the long-term prognosis in dogs with elbow
dysplasia.38,39

The aims of this study were to use the COI to eval-
uate the owner-assessed long-term outcome in dogs
with CCLD and to compare the results for dogs treated
with TPLO, TTA or LFS, controlling for potential
confounding variables.

MATERIALS AND METHODS

Study design

A historical cohort study was performed by distribut-
ing the COI to owners of dogs treated for CCLD at two
university veterinary hospitals in Oslo, Norway (hos-
pital 1), and Uppsala, Sweden (hospital 2), between 1
January 2011 and 31 December 2016.

Data

The medical records of eligible dogs were reviewed,
and data including treatment details and demographic
information were collected. Inclusion criteria were
a diagnosis of CCLD confirmed either by a posi-
tive cranial drawer test, a positive tibial compression
test, or by observation of a ruptured ligament dur-
ing arthroscopy or arthrotomy, treatment with either
TPLO, TTA or LFS, and a completed COI at follow-up.
Exclusion criteria were dogs with concurrent collateral
ligament rupture, dogs diagnosed at the two veteri-
nary hospitals but surgically treated at other clinics
and dogs with prior treatment of contralateral CCLD.
Dogs that had already been euthanased by the time
the COI was distributed were also excluded. The ref-
erence population for this study is dogs with CCLD
treated with TPLO, TTA or LFS at veterinary hospitals
in Northern Europe.

The canine orthopaedic index

The dog owners were contacted by telephone between
1 August and 15 October 2018, and email addresses
were collected. A questionnaire including the COI,
as well as additional questions regarding the current
use of analgesic medication, was emailed to the dog
owner if the dog was still alive. The validated Swedish
version of the COI includes 16 questions separated
into five parts (Table 1): stiffness, function, lame-
ness/gait, quality of life and the owner’s perception.
Each question is scored from 1 (least severe alterna-
tive) to 5 (most severe alternative), which means that a
lower score indicates less stiffness/lameness and vice
versa.

Before distribution, the validated Swedish version of
the COI38 was translated into Norwegian by one of the
authors (G. S. B.). Due to the close similarity of the two
languages, no formal validation was performed. The
questionnaire was distributed via Questback (www.
questback.com) on 30 April 2019, and two reminders
were sent. It was distributed in Swedish to dog own-
ers in Sweden and in Norwegian to dog owners in
Norway.

Risk factors

Surgical technique was defined as the main exposure
variable, which was separated into three categories:
TPLO, TTA and LFS. The first stifle was included in
the analysis in dogs that suffered subsequent con-
tralateral CCLD during the study period. Potential
confounders for the association between the main
exposure (surgical technique) and the outcome of
the COI were hospital, sex, bodyweight*, overweight*
(body condition score [BCS]>5/9,>3/5 or subjectively
assessed as overweight by the examining veterinar-
ian), age*, acute lameness*, orthopaedic* and non-
orthopaedic comorbidities*, insurance status* and the
surgeon’s experience level (experienced non-board-
certified surgeon, resident, board-certified surgeon).
In addition, a variable for the time from surgery
to questionnaire reply was included in the anal-
ysis to control for differences in the duration of
the follow-up period between the treatment groups.
The variables for acute lameness and orthopaedic
and non-orthopaedic comorbidities were classified as
yes/no. Information about subsequent contralateral
CCLD was also collected but not included in the anal-
ysis, as it was an intervening variable (located on
the causal path between the main exposure and the
outcome).

Statistical analysis

The statistical analyses were performed in R (version
4.0.0).40 Categorical variables are presented as num-
ber and percentage cases per category, and continuous
variables are presented as median (interquartile range
[IQR], range) since graphical assessment and the
Shapiro–Wilk test showed deviance from normality.
From a clinical perspective, age and bodyweight were
considered the most important potential confounders,
and the Kruskal–Wallis one-way ANOVA was used to
explore differences in these variables between the
treatment groups. Differences in the duration of the
follow-up period between treatment groups were also
compared with the Kruskal–Wallis one-way ANOVA.
Subsequent contralateral CCLD and analgesic/anti-
inflammatory treatment at the time of the question-
naire reply could potentially affect the COI scores.
Therefore, the COI scores of dogs with unilateral
and subsequent contralateral CCLD were compared

* At the time of diagnosis.
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T A B L E 1 The validated Swedish version of the canine orthopaedic index, here back-translated to English, that was distributed to 71
owners of dogs with cranial cruciate ligament disease

Part/question Range of scores

Stiffness 5–25

(1) How severe is your dog’s stiffness after first wakening in the morning? 1–5

(2) Later in the day, how severe is your dog’s stiffness after lying down for at least 15 minutes? 1–5

(3) How much of a problem does your dog have rising to standing after lying down for at least 15 minutes? 1–5

(4) In general, over the past month, how much difficulty has your dog had with his or her joints? 1–5

(5) How often did your dog ‘pay’ for over-activity with increased pain or stiffness the following day? 1–5

Function 4–20

(6) Jumping up (as in getting into the car or onto the bed)? 1–5

(7) Jumping down (as in getting out of the car or off of the bed)? 1–5

(8) Climbing up (as in stairs, ramps or curbs)? 1–5

(9) Climbing down (as in stairs, ramps or curbs)? 1–5

Lameness/gait 4–20

(10) On average, how severe was your dog’s limp during mild activities (such as short walks)? 1–5

(11) On average, how severe was your dog’s limp during moderate activities (such as long walks, playing or
running)?

1–5

(12) How often did your dog limp the day after moderate activities (such as long walks, playing or running)? 1–5

(13) How often have you been aware of your dog’s joint problems? 1–5

Quality of life 2–10

(14) In the past 4 weeks, what has been your level of concern that your dog’s joint problems will shorten his or
her life?

1–5

(15) In the past 4 weeks, what has been your level of concern that your dog is generally slowing down? 1–5

Perception 1–5

(16) Overall, how would you rate your dog’s quality of life over the past 4 weeks? 1–5

Note: The scores are presented as minimum–maximum, where 1 is the least severe alternative and 5 is the most severe alternative.

with the Kruskal–Wallis one-way ANOVA, and the
chi-squared test was used to assess the association
between bilateral disease, the use of analgesic/anti-
inflammatory treatment and surgical treatment.

A score for each part of the COI was calculated and
used in the statistical analysis by summing the individ-
ual scores on the questions within each part. If missing
answers were identified, the score for each part was
calculated by summing the individual scores on the
questions with answers. Poisson regression models
were applied to evaluate the association between the
main exposure variable (surgical technique) and the
outcome (the COI) by using the glm() function with
family = ‘poisson’ from the stats package. Separate
models were built for each of the five parts of the COI.
The function check_overdispersion() from the perfor-
mance package was used to test for overdispersion.41

If the models showed signs of overdispersion, nega-
tive binomial regression models were applied instead,
with the glm.nb() function from the MASS package.42

The models were fitted by iteratively reweighted least
squares.

Univariable analyses were performed with the vari-
ables listed in the risk factors section and treatment
as the main exposure variable. Variables with p-values
less than 0.2 were included in the initial multivariable
models. Manual stepwise backward elimination was
performed for variable selection in the multivariable
models, and p-values less than 0.05 were considered

statistically significant. Incidence rate ratios (IRRs)
with 95% confidence intervals (CIs) were calculated by
exponentiation of the coefficients from the final mod-
els. Excluded variables were reintroduced in the final
models to evaluate potential confounding, with a more
than 20% change in the coefficient in the statistical
model considered to indicate confounding. The Wald
test was used to evaluate the significance of multilevel
categorical variables, and the Akaike information cri-
terion was used to compare the models. Interactions
were not considered due to the relatively few dogs
included in the study population. The variance infla-
tion factor was used to test for multicollinearity in the
final regression models.

RESULTS

The questionnaire was distributed to 101 dog own-
ers, of whom 84 replied, resulting in a response rate
of 83.2%. Of the 84 owners, 71 (84.5%) indicated
that their dogs were still alive at the time of the
questionnaire reply. Thus, the final study population
included 71 dogs, of which 18 (25.4%) were treated
with TPLO, 23 (32.4%) with TTA and 30 (42.3%) with
LFS (Table 2). Age and bodyweight differed signifi-
cantly between the treatment groups (5.34, 3.67 and
6.86 years; 37.3, 25.7 and 10.2 kg for TPLO, TTA and
LFS, respectively, p < 0.001 for both comparisons).
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T A B L E 2 Descriptive features at the time of diagnosis in 71 dogs with cranial cruciate ligament disease (CCLD)

Variable TPLO (n = 18) TTA (n = 23) LFS (n = 30) Total (n = 71)

Number of dogs

Hospital 1 0 (0%) 23 (100%) 8 (26.7%) 31 (43.7%)

Hospital 2 18 (100%) 0 (0%) 22 (73.3%) 40 (56.3%)

Age (years) 5.34 (2.60–7.38,
0.84–9.15)

3.67 (2.21–4.65,
0.54–5.66)

6.86 (4.85–8.21,
0.96–10.4)

4.88 (2.87–7.52,
0.54–10.4)

Bodyweight (kg) 37.3 (31.6–42.7,
19.7–75.0)

25.7 (22.0–31.9,
11.0–48.0)

10.2 (7.65–13.9,
3.50–34.3)

22.0 (10.8–33.5,
3.50–75.0)

Overweight 11 (61.1%) 4 (17.3%) 12 (40.0%) 27 (35.2%)

Sex

Female 9 (50.0%) 14 (60.9%) 18 (60.0%) 41 (57.7%)

Male 9 (50.0%) 9 (39.1%) 12 (40.0%) 30 (42.3%)

Insurance 18 (100%) 15 (65.2%) 25 (83.3%) 58 (81.7%)

Stifle affected

Right 8 (44.4%) 10 (43.5%) 16 (53.3%) 34 (47.9%)

Left 10 (55.6%) 13 (56.5%) 14 (46.7%) 37 (52.1%)

Acute lameness 9 (50.0%) 4 (17.3%) 4 (13.3%) 17 (23.9%)

Orthopaedic disease 4 (22.2%) 4 (17.4%) 8 (26.7%) 16 (22.5%)

Non-orthopaedic disease 4 (22.2%) 4 (17.4%) 2 (6.67%) 10 (14.1%)

Joint inspection (at treatment) 18 (100%) 13 (56.5%) 28 (93.3%) 59 (83.1%)

Arthrotomy 4 (22.2%) 11 (47.8%) 25 (83.3%) 40 (56.3%)

Arthroscopy 18 (100%) 2 (8.7%) 3 (10%) 23 (32.4%)

Concurrent meniscal injurya 2 (11.1%) 6 (46.2%) 9 (32.1%) 17 (28.8%)

Surgeon’s experience level

Experienced surgeon 7 (38.9%) 21 (91.3%) 21 (70.0%) 49 (69.0%)

Resident 3 (16.7%) 2 (8.70%) 4 (13.3%) 9 (12.7%)

Board-certified surgeon 8 (44.4%) 0 (0%) 5 (16.7%) 13 (18.3%)

Subsequent contralateral CCLD 7 (38.9%) 7 (30.4%) 15 (50%) 29 (40.8%)

Follow-up (years, treatment to COI) 3.30 (3.15–4.49,
2.51–6.19)

5.96 (4.86–6.58,
3.18–8.28)

3.69 (3.12–5.79,
2.49–8.23)

4.61 (3.24–6.17,
2.49–8.28)

Note: Categorical variables are presented as number of dogs (percentage) and continuous variables as median (interquartile range, range).
Abbreviations: COI, canine orthopaedic index; LFS, lateral fabellotibial suture; TPLO, tibial plateau levelling osteotomy; TTA, tibial tuberosity advancement.
aOf the dogs with joint inspection.

The median time from surgery to questionnaire reply
was 4.61 years (IQR 3.24–6.17, range 2.49–8.28) and
varied with treatment (p < 0.001, see Table 2). The
surgeries were performed by 13 surgeons, of which two
(15.4%) were board-certified, four (30.8%) were res-
idents and seven (53.8%) were experienced but not
board certified. Sixteen (22.5%) dogs were affected by
orthopaedic comorbidities at diagnosis, of which the
most common diagnoses were patellar luxation (eight
dogs, 11.3%), osteochondrosis of the stifle (three dogs,
4.23%) and hip dysplasia (two dogs, 2.82%). Neuter
status and orthopaedic examination findings were not
consistently described in the medical records and thus
are not reported here.

Six dogs in each treatment group (33.3%, 26.1% and
20.0% of the dogs treated with TPLO, TTA and LFS,
respectively) were on analgesic/anti-inflammatory
treatment at the time of the questionnaire reply.
Sixteen dogs (22.5%) received non-steroidal anti-
inflammatory drugs and one dog (1.41%) received
pentosan polysulphate sodium injections. Informa-

tion about the type of analgesic/anti-inflammatory
drug was missing for one dog (1.41%). Eight (11.3%)
dogs received medication on a daily basis and 10
(14.1%) only if the owner considered it necessary,
based on clinical signs. There was no significant dif-
ference in the use of analgesic/anti-inflammatory
treatment between the treatment groups (p = 0.587).

The scores for all parts of the COI were right-skewed
(i.e., towards lower values, see Table 3). Three dogs had
missing values on one or two of the COI questions:
one dog had a missing answer on question 4, one on
questions 6 and 7, and one on questions 12 and 13.

Overdispersion was present in the final Poisson
models for the stiffness, function and lameness/gait
parts of the COI. Thus, these were replaced with neg-
ative binomial models, and the output from the final
models is presented in Table 4. The variance inflation
factor revealed no multicollinearity in the final mod-
els. None of the variables was significantly associated
with the quality of life and the dog owner’s perception
parts of the COI (p > 0.05).
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T A B L E 3 The scores for the five parts of the canine orthopaedic index (COI) in 71 dogs with cranial cruciate ligament disease

Part of COI TPLO (n = 18) TTA (n = 23) LFS (n = 30) Total (n = 71)

Stiffness (maximum 25) 8 (7.25–13, 5–20) 9 (7–11, 4–20) 7 (5–9, 5–16) 8 (5.50–11, 4–20)

Function (maximum 20) 6 (4–9.75, 2–13) 6 (4–8, 4–14) 6 (4–8, 4–13) 6 (4–8, 2–14)

Lameness/gait (maximum 20) 8.5 (5.25–12, 4–15) 8 (5.5–11.5, 4–19) 5 (4.25–8.75, 2–13) 7 (5–10.5, 2–19)

Quality of life (maximum 10) 3.5 (2.25–4.75, 2–7) 3 (2–4, 2–9) 3 (2–4, 2–8) 3 (2–4, 2–9)

Perception (maximum 5) 2 (1–2.75, 1–4) 2 (1–2.50, 1–4) 2 (1–2.75, 1–4) 2 (1–3, 1–4)

Note: The scores are the sum of the scores on the questions within each part of the COI and are shown as median (interquartile range, range).
Abbreviations: LFS, lateral fabellotibial suture; TPLO, tibial plateau levelling osteotomy; TTA, tibial tuberosity advancement.

T A B L E 4 The final multivariable negative binomial regression models for the stiffness, function and lameness/gait parts of the canine
orthopaedic index in a cohort of 71 dogs with cranial cruciate ligament disease

Variable Coefficient Std. error IRR 95% CI p-Value

Stiffness

Intercept 2.02 0.08 – – –

Treatmenta 0.026

LFS – – 1 – –

TTA 0.23 0.11 1.26 1.02–1.55 0.035

TPLO 0.29 0.12 1.33 1.06–1.68 0.015

Surgeon’s experience levelb 0.018

Exp. surg. – – 1 – –

Resident 0.29 0.13 1.33 1.03–1.71 0.026

Board-cert. –0.17 0.14 0.84 0.64–1.10 0.211

Function

Intercept 1.60 0.16 – – –

Follow-up 0.06 0.03 1.06 1.00–1.13 0.047

Lameness/gait

Intercept 1.83 0.09 – – –

Treatmentc 0.033

LFS – – 1 – –

TTA 0.27 0.12 1.31 1.03–1.65 0.026

TPLO 0.29 0.13 1.34 1.05–1.72 0.020

Orth. disease 0.21 0.12 1.23 0.98–1.55 0.076d

Abbreviations: board-cert., board-certified surgeon; CI, confidence interval; exp. surg., experienced but not board-certified surgeon; follow-up, duration of follow-
up period in years; IRR, incidence rate ratio; LFS, lateral fabellotibial suture; orth. disease, concurrent orthopaedic disease at the time of diagnosis; Std. error,
standard error; TPLO, tibial plateau levelling osteotomy; TTA, tibial tuberosity advancement.
aNo significant difference between TPLO and TTA was found (IRR 1.06, 95% CI: 0.83–1.37, p = 0.640).
bNo significant difference was found between board-certified surgeons and experienced non-board-certified surgeons (IRR 0.84, 95% CI: 0.64–1.10, p = 0.211).
cNo significant difference between TPLO and TTA was found (IRR 1.028, 95% CI: 0.80–1.32, p = 0.831).
dThe Akaike information criterion (AIC) suggested that the model fit was better when the variable for concurrent orthopaedic diseases was included, albeit not
statistically significant (AIC 373.2 for the full model and 374.3 for the model without the variable for orthopaedic disease).

Reintroduction of excluded variables in the final
models revealed that bodyweight had a confounding
effect on the association between surgical technique
and lameness/gait (greater than 20% change in the
coefficients for TPLO and TTA) and a borderline con-
founding effect on the association between surgical
technique and stiffness (20.2% change in the coeffi-
cient for TPLO, Table 5). The associations between
surgical technique and stiffness and lameness/gait
were no longer significant when bodyweight was
included in the model (p > 0.05). There was no sig-
nificant association between bodyweight and stiffness
and lameness/gait.

Twenty-nine (40.8%) dogs suffered subsequent con-
tralateral CCLD during the study period, and there
was no significant difference in the number of affected
dogs within each treatment group (p = 0.350). Dogs
with subsequent contralateral CCLD had significantly
lower scores than dogs with unilateral CCLD on the
stiffness part (median scores 7 [IQR 5–8, range 5–18]
and 9 [IQR 6.25–11, range 4–20], p = 0.037) and the
owner’s perception part (median scores 1 [IQR 1–2,
range 1–4] and 2 [IQR 1.25–3, range 1–4], p = 0.023).
There was no significant difference in the scores of
dogs with subsequent contralateral CCLD and unilat-
eral CCLD on the function part (median scores 5 [IQR
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T A B L E 5 The multivariable negative binomial regression models for the stiffness and lameness/gait parts of the canine orthopaedic
index in a cohort of 71 dogs with cranial cruciate ligament disease with bodyweight added to the final model

Variable Coefficient Std. error IRR 95% CI p-Value

Stiffness

Intercept 1.99 0.10 – – –

Treatment 0.267

LFS – – 1 – –

TTA 0.20 0.13 1.22 0.95–1.56 0.119

TPLO 0.23 0.17 1.26 0.90–1.77 0.185

Surgeon’s experience levela 0.020

Exp. surg. – – 1 – –

Resident 0.29 0.13 1.33 1.04–1.71 0.025

Board-cert. –0.16 0.14 0.85 0.64–1.12 0.250

Bodyweight 0.002 0.004 1.00 0.99–1.01 0.640

Lameness/gait

Treatment 0.411

LFS – – 1 – –

TTA 0.19 0.14 1.21 0.92–1.59 0.179

TPLO 0.16 0.18 1.17 0.82–1.68 0.379

Orth. disease 0.22 0.11 1.25 0.99–1.57 0.059

Bodyweight 0.01 0.01 1.01 1.00–1.01 0.297

Abbreviations: board-cert., board-certified surgeon; CI, confidence interval; exp. surg., experienced but not board-certified surgeon; IRR, incidence rate ratio;
LFS, lateral fabellotibial suture; orth. disease, concurrent orthopaedic disease at the time of diagnosis; Std. error, standard error; TPLO, tibial plateau levelling
osteotomy; TTA, tibial tuberosity advancement.
aNo significant difference was found between board-certified surgeons and experienced non-board-certified surgeons (IRR 1.18, 95% CI: 0.89–1.16, p = 0.250).

2–8, range 2–12] and 6 [IQR 4.25–8, range 4–14], p =

0.056), the lameness/gait part (median scores 6 [IQR
4–9, range 2–15] and 7 [IQR 5–11.8, range 4–19], p =

0.258) and the quality of life part (median scores 3 [IQR
3–4, range 2–7] and 3 [IQR 2–4, range 2–9], p = 0.689).

DISCUSSION

In this study, we have compared the owner-assessed
long-term outcomes of three surgical treatment meth-
ods for CCLD in dogs using the COI. We found that
dogs treated with TPLO or TTA had a higher risk
of stiffness and lameness at follow-up than dogs
treated with LFS. Furthermore, we found that func-
tion decreased with increasing follow-up time, that
dogs with orthopaedic comorbidities at diagnosis of
CCLD had an increased risk of long-term lameness
and that dogs surgically treated by residents had a
higher risk of long-term stiffness than dogs treated
by experienced but not board-certified surgeons. The
causality of these findings needs to be verified in future
prospective studies.

Several previous studies have evaluated the out-
come after TPLO, TTA and LFS by using dog owner
questionnaires. Moore et al.43 evaluated long-term
outcomes after TPLO and TTA by using the COI and
found significantly lower COI scores for dogs treated
with TPLO than with TTA. These results differ from
the results of the current study, as no significant dif-
ference in COI scores was found for dogs treated with

TPLO and TTA. Mölsä et al.20 used the HCPI and
reported no difference in questionnaire scores for dogs
treated with osteotomy procedures (TPLO and TTA),
LFS or an intra-articular stabilisation technique when
controlling for age, which differed between the treat-
ment groups. Bodyweight also differed significantly
between the treatment groups, but no association
with the scores of the HCPI and bodyweight was
found.20 Gordon-Evans et al.44 evaluated the out-
come in dogs treated with TPLO or LFS with the
CBPI in a randomised, blinded and controlled clini-
cal trial and reported no significant difference in the
improvement of the questionnaire scores compared to
preoperative scores between the treatment groups at
the 12-month follow-up. However, dogs treated with
TPLO had a significantly better outcome on gait analy-
sis at the 12-month follow-up. There was no difference
in bodyweight between the treatment groups.44 Thus,
the results of the current study differ from previ-
ous reports, as dogs treated with TPLO and TTA had
a higher risk of lameness and stiffness than dogs
treated with LFS. One likely explanation for the dif-
ferent results is that the HCPI and the CBPI focus on
pain evaluation, while the COI is designed to assess
the overall outcome in dogs with orthopaedic disease,
similar to the BHSII.33,37,45,46 Neither the HCPI nor
the CBPI includes direct questions regarding lame-
ness, which was one of the two COI parts that differed
between the treatment groups in the current study.
Furthermore, the CBPI does not include specific ques-
tions regarding stiffness, which also differed between
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the treatment groups in our study. Another impor-
tant difference is the follow-up time, which was longer
in the current study (median 4.6 years) than in the
studies by Mölsä et al. (mean 2.7 ± 0.8 years) and
Gordon-Evans et al. (12 months). This may affect the
results, as a longer follow-up time also means a longer
time for OA progression in the affected joints, which
affects clinical signs such as lameness and stiffness.

Having a concurrent orthopaedic comorbidity at
diagnosis was associated with an increased risk of
lameness at follow-up. The effect of orthopaedic
comorbidities on the outcome in dogs with CCLD
is not thoroughly evaluated in the literature, but it
seems reasonable that comorbidities such as patellar
luxation and stifle joint osteochondrosis could affect
the prognosis and clinical signs, such as lameness,
in dogs with CCLD, for example, by accelerating the
progression of OA.

An association between the surgeon’s experience
level and stiffness was detected, with dogs surgi-
cally treated by residents having an increased risk
of stiffness compared to dogs surgically treated by
experienced non-board-certified surgeons. Previous
studies have reported an increased risk of surgical
site infections and major complications after surg-
eries performed by less experienced surgeons or
residents.11,47 This could be related to a longer dura-
tion of surgery and anaesthesia, less experience with
orthopaedic surgery, unintended intraoperative tissue
trauma, or suboptimal optimisation of the osteotomy
or the LFS affecting the biomechanical stabilisation
of the joint.11,47 However, it was not evaluated if the
association between the surgeon’s experience level
and stiffness was mediated through the occurrence of
postoperative complications in the current study.

The scores on the functional items of the ques-
tionnaire (i.e., the dog’s ability to jump/climb up and
down) decreased with increasing follow-up time, but
there was no significant association between age at
diagnosis and long-term function. Thus, it seems that
function decreases with time regardless of age at CCLD
surgery. This could potentially be explained by OA pro-
gression after surgery, which could affect the dog’s
ability or willingness to perform activities such as
jumping or climbing.

Neither treatment nor any of the risk factors were
significantly associated with the quality of life and
the owner’s perception parts of the COI. These parts
focus on the dog owner’s level of concern regarding
the impact of the joint problem on longevity and activ-
ity and the dog’s overall quality of life. Owners of dogs
with OA are often worried about their dogs for reasons
such as veterinary visits, medications and not being
able to interact with the dog as desired.48 However, it
is not certain that the owners’ level of worry regard-
ing their dogs’ joint problems correlates with the level
of clinical signs such as stiffness or lameness, which
could explain the results.

Subsequent contralateral CCLD was an interven-
ing variable and thus not included as a potential
confounder in the statistical models. Dogs with sub-

sequent contralateral CCLD had a significantly lower
degree of stiffness and lower owner’s perception scores
than dogs with unilateral CCLD. It could be that the
bilaterally affected dogs showed fewer signs of chronic
stiffness, but a more likely explanation is that it was
more challenging for the owners to notice bilateral
compared with unilateral hindlimb stiffness.

There was a significant variation in bodyweight
between the treatment groups, and when bodyweight
was included in the models the associations between
surgical technique and stiffness and lameness/gait
were no longer significant. Thus, the associations
were influenced by bodyweight, although neither the
magnitude of this influence nor the causality could
be evaluated in this retrospective setting. Increasing
bodyweight has been reported as a risk factor for com-
plications after CCLD surgery, for OA development
and for CCLD-related euthanasia, but the effect of
bodyweight on the outcome in dogs with CCLD is not
commonly evaluated in the literature.17,49–55 Based on
the results of the current study, bodyweight could pos-
sibly affect long-term stiffness and lameness in dogs
with CCLD, with an increased risk in heavier dogs.
Future prospective randomised clinical trials that eval-
uate the effect of treatment and bodyweight on the
long-term outcome in dogs with CCLD are warranted.

Two potential confounders for the association
between surgical technique and stiffness/lameness
are the activity level and type of activities that the
dog performs. A trend of treatment with osteotomy
procedures in dogs being used for sports, hunting,
etc., and/or with high activity levels, is possible, while
dogs held for company and/or with lower activity lev-
els were possibly treated with LFS to a higher extent.
These factors could also affect the outcome of the stiff-
ness and lameness parts of the COI, as mild lameness
or stiffness could be perceived as a large problem for
an active dog used in dog sports but not for a compan-
ion dog. The association between the activity level and
surgical technique and its impact on the long-term
outcome in dogs with CCLD could not be evaluated
in this retrospective setting and should be explored in
future prospective studies.

Some limitations should be mentioned. Causal
inference for the associations found in the study can-
not be drawn due to the retrospective setting. Thus,
prospective studies are needed to confirm the causal-
ity of the reported associations. The study includes
the COI for outcome evaluation, which is a validated
questionnaire that was recommended for use in dogs
with OA in a recent review of owner-reported out-
comes for canine orthopaedic care.35,38,45,56,57 Despite
this, we acknowledge that outcome assessment with
force plate gait analysis would have strengthened the
results. The COI has been validated in Swedish but
not in Norwegian and was translated into Norwe-
gian by one of the co-authors. Although validation
of the Norwegian version would have been desir-
able, it was not considered necessary due to the great
similarities across the languages. The study included
dogs treated at two referral hospitals, and thus, a
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referral bias towards more complicated cases is possi-
ble, which may limit the generalisability of the results
to dogs treated with the same procedures at smaller
veterinary clinics. The reference population for this
study was dogs treated with TPLO, TTA or LFS at veteri-
nary hospitals in Northern Europe, but data were only
collected from two University Animal Hospitals, and
it is not known to what extent these hospitals repre-
sent general veterinary hospitals in Northern Europe,
which is highlighted as a limitation.

Many of the dogs diagnosed and treated from
2011 to 2016 had died or been euthanased before
the distribution of the questionnaire due to the long
follow-up time. It is possible that the outcome of the
dogs that were still alive at follow-up was different
from the dogs that had been euthanased during the
follow-up period (i.e., that the dogs with worse out-
comes were euthanased at an earlier stage and thus
not included in this study). As the treatment was
not randomised, uncontrolled factors (such as the
owners’ economic circumstances) could potentially
act as confounders for the association between the
treatment and the outcome. In addition, there is a risk
that other orthopaedic conditions acquired after diag-
nosis of CCLD affected the outcome. However, such
conditions were likely evenly distributed between the
treatment groups. The occurrence of postoperative
complications might also have affected the outcome,
but as an intervening variable it was not included in
the statistical analysis. A mediation analysis could
have been conducted to evaluate the direct effect of
postoperative complications and surgical technique
on the outcome of the COI, but due to the relatively
small study population and the diversity of poten-
tial complications, such analysis was not performed.
Some medical records only included subjective assess-
ments of overweight and no comment on the BCS.
A complete assessment of BCS on all included dogs
would have been preferred in order to evaluate the
potential association between overweight and treat-
ment outcome. Information about neuter status at
the time of surgery was unavailable in the medical
records. Although a question about neutering status
at the time of surgery could have been included in the
questionnaire, it was omitted due to the high risk of
recall bias regarding the date of neutering in relation
to the date of CCLD surgery. Preoperative scoring of
radiographic signs of OA was not possible, as some
dogs lacked preoperative radiographs. It should also
be mentioned that each treatment group included
relatively few individuals, which could have affected
the power of the statistical calculations.

Finally, some dogs were on continuous or inter-
mittent analgesic treatment at the time of the ques-
tionnaire reply, which may have biased the results
towards a more favourable outcome compared to dogs
not given treatment. However, it is unlikely that it
biased the association between the surgical treatment
and the outcome, as the use of analgesic treatment
did not differ significantly between the treatment
groups.

CONCLUSIONS

Stiffness, lameness and decreased function were rel-
atively common in dogs surgically treated for CCLD
at a median follow-up of 4.6 years. Dogs treated with
TPLO and TTA procedures had a significantly higher
risk of stiffness and lameness at long-term follow-up
than dogs treated with LFS, although bodyweight var-
ied between the treatment groups, with heavier dogs
in the osteotomy groups, which influenced the results.
Dogs surgically treated by residents had a higher
risk of stiffness at follow-up, and function decreased
with an increasing follow-up period. In addition, dogs
with orthopaedic comorbidities at diagnosis had a
tendency towards an increased risk of lameness.
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