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Force plate gait analysis to assess functional outcome of 

Tibial Tuberosity Advancement (TTA) versus Lateral 

Capsular Imbrication (LCI) 
 

drs. F.P. van Schaijk, student veterinary medicine, Department of Clinical Science of 

Companion Animals, Faculty of Veterinary Medicine, Utrecht University. 

  

Summary 

 

Ground reaction forces in vertical and craniocaudal directions were measured at 

walking velocity, through force plate analysis, after surgical treatment for cranial cruciate 

ligament disease. The two major surgical procedures used at the Department of Clinical 

Sciences of Companion Animals at Utrecht University for this condition, Tibial Tuberosity 

Advancement and Lateral Capsular Imbrication, were assessed to determine the differences in 

functional outcome represented by the individual ground reaction forces. Peak vertical force 

and associated vertical impulse didn’t indicate any significant differences between the two 

procedures while the craniocaudal forces, divided into braking and accelerating forces and 

associated impulses, showed that tibial tuberosity advancement resulted in better functional 

outcome than lateral capsular imbrication.  

  

Abbreviations 

AI accelerating impulse PAF peak accelerating force 

BI braking impuls PBF peak braking force 

BW body weight PVF peak vertical force 

CrCL cranial cruciate ligament SI symmetry index 

DJD degenerative joint disease TI total absolute impulse 

ECVS European College Veterinary Surgeons TTA tibial tuberosity advancement 

GRF grond reaction force VI vertical impulse 

LCI lateral capsular imbrication   
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Introduction 

 

One of the most common orthopaedic abnormalities in the dog’s stifle is a rupture of 

the cranial cruciate ligament (CrCL) (Johnson, Austin et al. 1994; Moore and Read 1996; 

Lampman, Lund et al. 2003). In a cranial cruciate ligament deficient stifle the proximal 

portion of the tibia moves cranially relative to the distal portion of the femur. This cranial 

tibial thrust is generated by weight bearing and contraction of the extensor muscles around the 

stifle joint (Slocum and Devine 1983) and results in intra-articular shearing forces leading to 

progressive osteoarthritis and often meniscal injury.  

Dogs with cranial cruciate ligament deficient stifles are treated with different surgical 

techniques that stabilize the stifle through intra- or extracapsular procedures (Kim, Pozzi et al. 

2008). Two of the extracapsular techniques are Lateral Capsular Imbrication (LCI) and Tibial 

Tuberosity Advancement (TTA) (Montavon, Damur et al. 2002). TTA modifies the geometry 

of the femorotibial joint in a way that the angle between tibial plateau and patellar ligament is 

reduced so that cranial tibial thrust is minimized (Nisell 1985; Apelt, Kowaleski et al. 2007). 

This is achieved by advancing the tibial tuberosity, and thus the patellar ligament, cranially 

(Lafaver, Miller et al. 2007). LCI on the other hand, uses the transposition of soft tissue to 

reduce stifle laxity. The lateral retinacular fascia is sutured over the fascia that remains over 

the patella. These techniques differ not only in concept but also in invasiveness, necessary 

equipment, cost and technical difficulty. Because of this, much controversy exists about 

which technique provides the fastest rehabilitation and the best and most consistent prognosis. 

Neither of these techniques is aimed at repairing or replacing the cranial cruciate ligament. 

The TTA technique is widely accepted and performed clinically because of great 

owner satisfaction (Hoffmann, Miller et al. 2006) but, to our knowledge, so far only one force 

plate gait analysis is done on TTA to objectively assess the functional outcome. In this 

specific research, (Voss, Damur et al. 2008) dogs that underwent a TTA procedure were 

compared with healthy dogs using peak vertical forces (PVF) and vertical impulses (VI). The 

results showed that both PVF and VI increased after surgery but didn’t reach values 

comparable to that of healthy dogs. Other surgical techniques have been evaluated in the same 

way (Conzemius, Evans et al. 2005) and show comparable results on vertical limb loading six 

months postoperative. LCI was evaluated with force plate analysis (Budsberg, Verstraete et 

al. 1988) using ground reaction forces in vertical as well as craniocaudal directions and this 
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research also indicated a postoperative improvement without approaching performances of 

healthy dogs. Aragon and Budsberg (2005) performed a meta analysis of two hundred and 

forty resources on CrCL disease and their results suggested that there’s not a single surgical 

procedure with sufficient evidence to be recommended for management of canine CrCL 

disease. 

The purpose of this clinical study was to assess the differences in functional outcome 

between the two major surgical procedures used at the Department of Clinical Sciences of 

Companion Animals at Utrecht University for CrCL deficient stifles, TTA and LCI, using 

force plate gait analysis. We quantatively evaluated and compared postoperative PVF and VI 

as well as peak braking and accelerating forces (PBF and PAF) and braking and accelerating 

impulses (BI and AI), between the two procedures, to reach an indepth and objective view on 

functional outcome. 

Materials and methods 

Dogs 

This clinical study comprised 16 clinical patients diagnosed with partial or complete 

uni- or bilateral CrCL rupture at our facility between April 2007 and September 2008. All 

dogs had to weigh over 20 kg and had to be treated for their CrCL rupture with either LCI or 

TTA. No specific inclusion criteria were established, so no particular breeds, ages, follow up 

times or clinical findings were required or prohibited to participate in this study. The only 

requirement all patients had to meet was the abstinence of anti-inflammatory medication three 

days prior to the study. The control group of dogs consisted of twelve healthy Labradors 

weighing at least 20 kg with again no specific age.    

Surgical procedures 

Before each surgical procedure complete physical examination and radiographic 

analysis of the stifle joint was performed. The radiographs were evaluated for patellar 

ligament – tibial plateau angle, distance of the tibial tuberosity advancement needed and 

progression of degenerative joint disease. The final decision on which surgical technique was 

used was made by the owner. Both groups consisted of 25% left sided and 75% right sided 

procedures. In each case surgery was performed by a Diplomate of the European College of 

Veterinary Surgeons (ECVS) or under his direct supervision. The exact TTA procedure and 
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materials used were described previously by Lafaver, Miller et al. 2007. Concomittant 

meniscal injury was treated with partial meniscectomy.  

Postoperative care 

 Postoperative instructions at our facility were relatively uniform and consisted of six 

weeks exercise restriction on a leash. Patients that underwent TTA surgery had postoperative 

radiographs taken immediately and six weeks after surgery to ensure all implants were 

positioned correctly and to check osteotomy healing. After this six week period controlled 

increases in leash activity were recommended. In September 2008 all owners were 

approached to participate in the research project. Consequently overall postoperative follow 

up time ranged from 43 to 564 days with an average of 214 ± 135 days. Within the LCI group 

follow up time is 252 ± 170 days and in the TTA group 177 ± 83 days.   

Force plate gait analysis 

Each computer-assisted force plate session consisted of multiple trials which were 

repeated until data of ten acceptable trials for each hind limb were obtained. During each trial 

the dog was led at a walking gait (average speed of 1,26 ± 0,16 m/s) over a biomechanical 

force plate embedded in a 3 m long runway equipped with infrared photocells to start and stop 

each trial and measure velocity. A Kistler force plate type 9261 and Kistler 9865E charge 

amplifiers were used (Kistler BV. Reeuwijk, The Netherlands). The signals were sampled 

using an analog-digital converter at a rate of 100 Hz (National Instruments, type BNC-2110 

and PCI-6034E). 

 

The ground reaction forces (GRF) evaluated in this study are listed in table 1 and 

figure 1 and were recorded as Newton per kg body weight (BW) for each hind limb. Earlier 

studies on TTA (Voss, Damur et al. 2008) assessed only vertical force as a parameter of 

Table 1. Ground reaction forces (GRFs) evaluated by force plate gait analysis 

GRF variable unit direction 

PVF Peak vertical force N/kg BW Vertical 

PBF Peak braking force N/kg BW Craniocaudal 

PAF Peak accelerating force N/kg BW Craniocaudal 
VI Vertical impulse (N/kg BW) x sec Vertical 
BI Braking impulse (N/kg BW) x sec Craniocaudal 

AI Accelerating impulse (N/kg BW) x sec Craniocaudal 

TI Total absolute impulse (N/kg BW) x sec Craniocaudal 
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Fig. 1 Directions of GRFs measured by force 
 plate gait analysis. 
 

 

functional outcome but in this study, with this force plate, a more extensive view on 

functionality was obtained by combining all GRFs. Associated impulses were defined as the 

total force applied during the stance phase. 

For each pair of hind limbs a Symmetry 

Index (SI) was calculated with the equation 

affected limb / unaffected limb. With this index 

the functional approximation of the unaffected 

limb by the affected limb can be determined. An 

index greater than one would indicate a better 

postoperative functional outcome for the affected 

hind limb than for the unaffected hind limb 

whereas indexes lower than one signify that the 

unaffected limb still functions better. 

Owner assessment 

Through questionnaires on functional and overall outcome of surgery, consistency 

between force plate analysis and owner satisfaction was evaluated. Furthermore this 

questionnaire could indicate which surgical procedure resulted in the greatest owner 

satisfaction. Owners were asked to define lameness scores and overall walking before and 

after surgery and to qualify the activity level of the dog postoperative and their satisfaction of 

functional outcome in general, on an analogue scale from 0% to 100%. They were also asked 

how many weeks of postoperative exercise restriction they implemented and if they currently 

used any anti inflammatory drugs.  

Statistical analysis 

 Data were analyzed using statistical software LabVIEW 8.0 (National Instruments 

Corporation, Austin, Texas) and SPSS 15.0.1 for windows (SPSS Inc. Chicago, Illinois). An 

independent samples t-test was used in order to make a comparison between the LCI and TTA 

procedure and between these two techniques and the control group for all ground reaction 

forces. A paired t-test was used to compare unaffected and affected hind limbs in both the 

LCI and the TTA group. (n=8) 

The relationship between age, weight and follow up time on one side and all GRFs and 

answers to the questionnaire on the other side was evaluated by means Spearman’s non-
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Fig. 2 Mean vertical and craniocaudal braking 

(positive) and accelerating (negative) 
forces from all affected hindlimbs and 
mean control limb. 

parametric correlation test. The answers to the questionnaire were also mutually tested for 

correlation. When testing for correlation all sixteen patients were tested as one group without 

determining any differences between LCI and TTA patients. All data are reported as mean ± 

standard deviation (SD). The level of significance of all statistical testing was determined as 

p<0,05. 

Results 

 Sixteen dogs that had surgery for CrCL 

disease from April 2007 onwards at our facility 

were enrolled in this study. All dogs weight 20 

kg or more with an average of 33,4 ± 9,2 kg and 

had hind limb lameness. No significant 

difference in body weight was found between 

the LCI group (33,9 ± 9,4 kg) and the TTA 

group (32,9 ± 10,2 kg). Medial meniscal injury 

was found in 94 % of the patients through 

arthroscopic examination or during arthrotomy 

with again no significant difference in incidence 

between the two groups. Patient’s ages varied 

from 5,1 to 10,3 years in the LCI group (7,4 ± 

2,1) and 1,6 to 8,7 (5,4 ± 3,0) in the TTA group 

(average 6,4 ± 2,6) and weren’t significantly 

different. Ten different breeds participated in 

the study with a slight preference of Rottweilers 

and Labrador Retrievers. Eight patients were 

treated with the LCI technique while the other 

eight were treated using the TTA technique. 

Five dogs were male (four neutered, one intact; two TTA, three LCI) and eleven dogs were 

female (eight neutered, three intact; six TTA, five LCI). Only one dog was diagnosed with 

and treated for bilateral CrCL disease. For this specific case all data are collected from the 

most recently affected and operated hind limb. Postoperative follow up time displayed a very 

large variation but wasn’t significantly different between the two procedures. LCI patients 

were studied after an average follow up time of 252 ± 171 days and TTA patients after 177 ± 
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83 days. The control group of healthy dogs consisted of twelve Labrador Retrievers with an 

average age of 2,1 ± 1,4 years and an average weight of 23,0 ± 2,0 kg..  

In figure 2 the graphs for mean vertical and longitudinal forces of all affected hind 

limbs and mean control limbs are displayed. These graphs show that both TTA and LCI 

procedures do not result in return to full function comparable to that of the control group of 

dogs.  

Independent samples t-test 

LCI versus TTA 

All GRF’s (which are summarized in Table 2) in affected hind limbs are greater after 

the TTA procedure than after the LCI procedure. Although not one of these values is 

significantly different, we find that especially peak acceleration force (PAF) and accelerating 

impulse (AI) display some tendency to better functional outcome after TTA.  

Symmetry Indices 

An independent samples t-test on the calculated SI, postoperative PAF alteration 

turned out to be significantly (p=0,026) greater for TTA (106%) than for LCI (81%) (Fig. 3). 

In fact PAF of the affected hind limb (0,66 ± 0,10) showed a higher instead of a lower value 

compared to the unaffected hind limb (0,64 ± 0,13) after TTA. After LCI this is clearly not 

the case since PAF is lower in the affected limb (0,58 ± 0,15) than in the unaffected limb 

(0,73 ± 0,18). The same thing can be said about the AI which is 0,12 ± 0,04 in the unaffected 

hind limb and 0,13 ± 0,04 in the affected limb after TTA. After LCI on the other hand AI is 

0,13 ± 0,05 in the unaffected limb and 0,10 ± 0,02 in the affected limb, but the associated SIs 

aren’t significantly different (p=0,086). Despite the lack of significance, all but one GFR 

Table 2. Data (mean ± standard deviation (SD)) for LCI, TTA and control group 

 limb PVF PBF PAF VI BI AI TI 

LCI unaffected 4,14 ± 0,55 0,74 ± 0,24 0,73 ± 0,18 1,47 ± 0,18 0,08 ± 0,03 0,13 ± 0,05 0,21 ± 0,06 

 affected 3,45 ± 0,63 † 0,44 ± 0,15 *† 0,58 ± 0,13 † 1,22 ± 0,27 0,05 ± 0,02 * 0,10 ± 0,02 † 0,15 ± 0,04 *† 

TTA unaffected 3,93 ± 0,43 0,66 ± 0,22 0,64 ± 0,13 1,46 ± 0,29 0,08 ± 0,03 0,12 ± 0,04 0,20 ± 0,07 

 affected 3,46 ± 0,31 *† 0,48 ± 0,19 *† 0,66 ± 0,10 † 1,30 ± 0,29 0,05 ± 0,03 * 0,13 ± 0,04 0,18 ± 0,06 

Control unaffected 4,35 ± 0,18 0,67 ± 0,18 0,83 ± 0,12 1,41 ± 0,10 0,06 ± 0,02 0,15 ± 0,02 0,21 ± 0,03 

* Significantly (p< 0,05) different from the mean unaffected limb within the same group. (paired t-test) 

† Significantly (p< 0,05) different from the mean control limb (independent samples t-test) 
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(braking impulse = BI) show an SI difference between LCI and TTA in favor of the TTA 

procedure.  

LCI and TTA versus Control 

When compared to the control group both procedures display significant differences 

on PVF, PBF and PAF. Independent from which procedure was performed the dogs don’t 

return to full limb function after surgery but TTA results in higher percentages of normal 

function than LCI. LCI patients return to 80% PVF, 66% PBF and 69% PAF while TTA 

patients return to 80% PVF, 72% PBF and 80% PAF. Accelerating impulse (AI) and total 

absolute impulse (TI) of the affected hind limb are significantly lower in the LCI group 

compared to the control group (p<0,005 and p=0,01 respectively) whereas the TTA group 

didn’t show any significant postoperative differences in impulse of affected limbs with the 

control group.  

Paired samples t-test 

LCI versus TTA 

By using a paired sample t-test the differences in PVF between affected and unaffected hind 

limbs were determined to be significant in the TTA group (p=0,005) and considerable but not 

significant after LCI (p=0,088). Adding up with this unfavorable result for the TTA procedure 

is the fact that this significance is also found in the corresponding vertical impulse (p=0,02).  

Furthermore PBF as well 

as BI are significantly 

lower in the affected hind 

limbs of both groups. 

Since PAF (Fig. 3) and AI 

are the only values that 

have improved after TTA 

and declined after LCI 

these parameters were 

only analyzed using the 

previously described 

independent samples t-test 

on the SI.  Finally the total 

unaffected unaffectedaffected affectedControl Control
0,0
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Fig. 3 Paired differences of peak accelerating forces of unaffected, 

affected and control hind limbs. Both affected limbs show a 

significantly lower PAF than the mean control limb (p<0,05). After 

TTA the affected limb shows a greater PAF than the unaffected limb 

while after LCI the affected limb shows a smaller PAF than the 

unaffected limb. The SI for this GRF is significantly (p=0,026) lower for 

LCI patients than for TTA patients. 
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absolute impulse in craniocaudal direction (TI) of the affected limb is significantly lower than 

that of the unaffected limb within the LCI group (p=0,036) but not in the TTA group. 

Spearman’s correlation test 

 The total postoperative follow up time showed a significant positive correlation with 

PAF and AI and a negative correlation with PVF. Also the patient’s body weight shows 

significant positive correlation with PAF and AI. (Table 3.)  

Between the answers on the questionnaire mutually (Table 4), surgical success according to 

the owner correlates significantly with both improvement of incidence of lameness (negative), 

overall walking improvement (positive) and activity level after surgery (positive). Despite 

this, the postoperative activity level, compared to the preoperative level, is not significantly 

correlated with both overall walking improvement and improvement of the incidence of 

lameness. Furthermore no correlation is found between overall walking improvement and 

improvement of incidence of lameness.  

 

Table 3. Correlation coefficients between patiënt’s characteristics and GRFs and questionnaire results from all 
sixteen patients.  (- means negative correlation) 

 age weight Follow-up 

PVF affected hind limb - 0,229 0,326 - 0,421 * 

PBF  affected hind limb - 0,268 0,418 - 0,232 

PAF  affected hind limb 0,579 * - 0,238 0,652 * 

VI  affected hind limb - 0,446 0,482 - 0,128 

BI  affected hind limb - 0,218 0,285 0,092 

AI  affected hind limb 0,586 * - 0,526 * 0,525 * 

TI  affected hind limb - 0,500 0,468 - 0,361 

Overall walking improvement - 0,004 - 0,218 0,294 

Incidence lameness improvement - 0,438 0,026 - 0,356 

Surgical success according to owner - 0,102 0,118 0,324 

Activity level after surgery - 0,181 0,157 0,212 
    
* Significant (p< 0,05) correlation between the two variables 

Table 4. Correlation coefficients between results of the questionnaire mutually. (- means negative correlation) 

 Overall walking 
improvement 

Incidence lameness 
improvement 

Surgical success 
according to owner 

Activity level after 
surgery 

Overall walking improvement 1,0 - 0,311 0,575 * 0,306 

Incidence lameness improvement - 0,311 1,0 - 0,591 * - 0,309 

Surgical success according to owner 0,575 * - 0,591 * 1,0 0,535 * 

Activity level after surgery 0,306 - 0,309  0,535 * 1,0 
     
* Significant (p< 0,05) correlation found between the two variables 
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Questionnaire 

 The results from the questionnaire indicate that satisfaction concerning the operation is 

greater after TTA than after LCI. The overall activity level improvement of the dogs after 

surgery compared to that before surgery is scored significantly higher (p=0,045) in the TTA 

group (81,6% ± 13,1%) than in the LCI group (65,7% ± 15,6%). Calculating separate 

improvement levels from sets of questions related to the pre- and postoperative situation 

reveals contradictory results since the incidence of lameness has decreased 45 ± 31% after 

TTA and 52 ± 40% after LCI whereas the overall walking improvement is 53 ± 24% after 

TTA and 43 ± 18% after LCI. One of the owners of an LCI patient even reported an 

increasing lameness after surgery (+30%) but scored the overall postoperative walking as 

14% improved. Furthermore owners 

declared to have implemented 7,25 ± 2,12 

weeks of leash restriction in the LCI group 

and 6,75 ± 1,83 weeks in the TTA group, 

which wasn’t significantly different and 

none of the owners administered any anti 

inflammatory drugs at the time of the 

study. 

Discussion 

Data 

Both PVF and VI, which have been subject of many studies, show no clear differences 

between the affected limbs of each of the two procedures assessed. The absence of a 

significantly lower PVF and VI of the affected limb compared to the unaffected limb after 

LCI can be explained by the large standard deviations seen in this group. So when functional 

outcome is solely represented by vertical forces (Voss, Damur et al. 2008) no assumptions can 

be made on which technique is favorable on functional outcome. PVF-SI shows no significant 

difference between the two surgical techniques and both affected limbs show significantly 

less PVF than the control group which is consistent with earlier research (Voss, Damur et al. 

2008 and Budsberg, Verstraete et al. 1988).   

One of the objectives of this study was to get a more extensive view on functional 

outcome of cranial cruciate ligament surgery, by including a set of extra ground reaction 

Fig. 4 Results from the postoperative questionnaire 
(mean ± SD). Postoperative activity level is 
significantly greater after TTA than after LCI 
(p=0,045)   
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forces. When looking at PBF and BI as two of these extra variables that could give an 

indication on functional outcome it is clear, but not significant, that they are both higher in the 

unaffected limb than in the control group after LCI. After TTA the unaffected limb showed a 

greater BI but a smaller PBF than the control group. Together with the fact that all affected 

limbs, independent from which surgical technique was used, showed a significantly lower 

PBF and BI than the unaffected contralateral limb, this indicated that a redistribution of 

braking forces to the contralateral side had taken place. This shift in distribution of forces is 

seen clinically when the dog falls on his contralateral side during lameness. The PBF, unlike 

the BI, is also significantly lower in both affected hind limbs than in the control limb.  

When looking at the results of accelerating forces PAF and AI they lack the 

redistribution to the contralateral side in the TTA group where the affected limb shows higher 

forces than the unaffected limb. In the LCI group there is some redistribution but unaffected 

limbs didn’t exceed the control limb and PAF and AI are both lower in the affected limb than 

in the unaffected limb. The AI is also significantly lower in the LCI group than in the control 

group which results in a lower total absolute impuls (TI) for LCI than for the control group. 

So according to the results of craniocaudal force measurements, especially the accelerating 

component, TTA could in fact result in better functional outcome than LCI. Independent from 

which force is being considered, it is clear that no patient will return to full limb function after 

surgery for CrCL rupture. This is consistent with earlier results from Ballagas, Montgomery 

et al. (2004), Conzemius, Evans et al. (2005) and Voss, Damur et al. (2008). 

The inconsistency between the two GRF directions measured could possibly be 

explained by the complex biomechanical alterations caused by the TTA procedure. The 

magnitude and direction of tibiofemoral shear force is influenced by the degree of joint 

flexion, application of axial load and the tibial plateau slope (Apelt, Kowaleski et al. 2007). 

This force will be more anteriorly directed during stifle joint extension and more posteriorly 

during stifle joint flexion. Furthermore the total joint force acts approximately parallel to the 

patellar tendon in which a patellar tendon angle of 90º, pursued with TTA, results in an 

absence of tibiofemoral shear force (Apelt, Kowaleski et al. 2007). For this reason a 

successful TTA results in a maximum patellar tendon angle of 90º during full range of 

motion. However the smallest deviation could result in some cranially directed shear force 

and lower values for vertical and braking forces because of stifle extension during stance 

phase, while at the same time acceleration forces are not influenced because of more 

posteriorly directed forces as a result of stifle joint flexion. Further research with force plate 
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analysis during fluoroscopic imaging or kinematic analysis could link the applied forces with 

the degree of joint flexion to get more extensive biomechanical data. 

The correlation coefficients determined in this study were not at all convincing since 

maximum values reached were 0,6 and -0,6 and should therefore be interpreted carefully. The 

significant correlation between weight and acceleration forces and follow-up time and 

acceleration forces is inconsistent with the results of GRFs. While LCI patients have an 

insignificantly higher weight and longer follow-up time than the TTA patients they still have 

lower acceleration forces.  

The questionnaire taken in this study proves to be unreliable and inconsistent with 

objective measurements of lameness and shows great standard deviations. Substantial 

contradictions between the answers prove that a questionnaire is inconsistent and should be 

interpreted with caution. Correlation between some answers exists but one would expect that 

all answers would be correlated in some way, since they all represent some form of 

postoperative improvement. Furthermore long term outcome of CrCL surgery usually 

includes a decline in activity over time, an increasing level of disability and stiffness after 

inactivity related to progressive degenerative joint disease (DJD) (Innes, Bacon et al. 2000). 

The results of any questionnaire would therefore be very much depending on follow-up time 

and time of lameness before surgery since these factors contribute to progression of DJD. In 

this study however, no significant correlation is found between the follow up time and any of 

the answers on the questionnaire. Of course this could be attributed to the relatively short 

follow up time, so by extending this time and implementing more questionnaires during this 

time a better view on owner satisfaction could be acquired.   

Study design  

A clinical study was used because the objective was to determine any significant 

differences in a clinical setup between TTA and LCI. The value of this clinical study is 

limited by several factors. Variability in breeds, ages, weights, variation in timing of 

postoperative follow up examination and no random division of dogs among surgical 

procedures are a few of these factors contributing to a possible decrease in power. A possible 

subsequent research project on functional outcome should preferably be prospective. 

Furthermore a preoperative force plate analysis should be done to be able to quantify actual 

postoperative improvement and patients should be followed for a longer time.  
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Inclusion of bilaterally affected patients can be considered as disadvantuous but the 

incidence of bilateral CrCL rupture may be higher than previously reported (Lampman, Lund 

et al. 2003). Cabrera, Owen et al. (2008) reported this incidence to be 61.3% and suggested 

that this may be even higher when follow-up time increases. Although additional prospective 

studies with lifelong follow up times will be necessary to confirm these findings, we 

presumed that all clinical patients would develop contralateral CrCL disease eventually and 

justified inclusion of bilaterally affected patients.  

Meniscal injury was reported in 94% of our patients. In all these cases a partial 

meniscectomy was performed during initial surgery. It is suggested that the rate of meniscal 

damage is strongly associated with the progression of osteoarthritis (Berthiaume, Raynauld et 

al. 2005) since it affects the load transmission function of the meniscus and consequently 

results in supra-physiological cartilage pressure (Pozzi, Litsky et al. 2008). So partial or 

complete meniscectomy would probably influence the level of pain and discomfort these 

patients experience. Although Stein and Schmoekel (2008) claim that meniscal lesions from 

any kind don’t affect subjective parameters like lameness scores and activity levels, we 

believe that it could possibly have great impact on limb loading and therefore objective 

parameters generated through force plate analysis. In future research each patient’s meniscal 

status should preferentially be objectively assessed through diagnostic imaging, to 

differentiate between lameness resulting from CrCL disease or from meniscal damage. 

Force plate gait analysis is used because it is an objective, sensitive test and is reported 

to be more sensitive than visual observation of gait for detecting limb function abnormalities 

(Conzemius, Evans et al. 2005). The analysis is done at a walking gait because vertical forces 

generated at walking and trotting gait are strongly correlated, the relative variation for PVF 

and VI during walking is at least 9% smaller than during trotting and successfully collecting 

data from dogs at a trot is more difficult, especially when the dog has severe lameness 

(Conzemius, Evans et al. 2005). The latter is easily explained since vertical forces and thereby 

discomfort levels increase as velocity rises. So by using a walking velocity the power of the 

study is maximized and important data from dogs with more severe lameness aren’t lost. 

Whether this strong correlation is also applicable for braking and accelerating forces hasn’t 

been assessed separately so far. Including and comparing different breeds might result in 

subtle differences in force plate results since the recording in Newton per kg BW doesn’t 

eliminate differences in stride length, ground contact time and distribution of BW between 

fore- and hind limbs (Bertram, Lee et al. 2000). 
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Conclusion 

 
 This study strongly indicates that tibial tuberosity advancement results in significantly 

better functional outcome, represented by peak accelerating forces and accelerating impulse, 

compared to lateral capsular imbrication. Lateral capsular imbrication and tibial tubersosity 

advancement could be equally satisfactory concerning vertical forces while tibial tuberosity 

advancement is superior in caudaly directed forces. These forces indeed don’t return to values 

comparable to control limbs but they still exceed unaffected limb function represented by the 

contralateral limb. This could well be attributed to the fact that cranial cruciate ligament 

disease frequently is a bilateral condition. Further well-designed and controlled prospective 

studies with maximized uniformity on patients, procedures and follow-up are necessary to 

confirm these findings. A combination of force plate analysis with fluoroscopic imaging or 

kinematic analysis could also be useful in understanding the biomechanical impact of tibial 

tuberosity advancement in vivo. 
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