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The insufficient coverage of lateral trochlear resection is correlated to 1 

the tibiofemoral alignment parameters in kinematically aligned TKA: 2 

A retrospective clinical study 3 

 4 

Abstract 5 

Background: The mismatching of the femoral component and trochlear resection surface is very 6 

common in kinematically aligned total knee arthroplasty (KA-TKA) when conventional prostheses 7 

are employed. This mismatching is mainly manifested in the insufficient coverage of the bone cut 8 

surface of the lateral trochlea. The aim of present study is to explore whether this mismatch is related 9 

to the alignment parameters of the tibiofemoral joint. 10 

Methods: 45 patients (52 knees) who underwent KA-TKA in our hospital were included. There 11 

were 16 patients (16 knees) received surgery using patient specific instrumentations, and 12 

conventional instruments with caliper and other special tools were employed in the other 29 patients 13 

(36 knees). The widths of exposed resection bone surface at the middle (MIDexposure) and distal 14 

(INFexposure) levels on the lateral trochlear were measured as dependent variables, while the hip-15 

knee-ankle (HKA) angle, mechanical lateral distal femoral angle (mLDFA), joint line convergence 16 

angle (JLCA), medial proximal tibial angle (MPTA) and transepicondylar axis angle (TEAA) were 17 

measured as independent variables. Correlation analysis and subsequent linear regression were 18 

conducted among the dependent variables and various alignment parameters of the tibiofemoral 19 

joint.  20 

Results: The incidence of insufficient coverage of the lateral trochlear cut bone surface was 86.5%, 21 

with MIDexposure and INFexposure being 2.3 (0-6mm) and 2.0 (0-5mm), respectively. The widths 22 

of two levels of exposed bone resection were significantly correlated to mLDFA and HKA, but were 23 

not related to TEAA. 24 

Conclusions: the insufficient coverage of trochlear resection surface in KA-TKA is negatively 25 

correlated with the degrees of valgus of the distal femoral joint line and the degrees of varus of the 26 

knee. The present study suggest that in the development of KA-specific prostheses, attention should 27 

be paid to the effects of tibiofemoral alignment parameters on the prosthetic matching of the 28 

trochlear resection surface. 29 

 30 

Key Words Total knee arthroplasty; Osteoarthritis; Kinematic alignment; Trochlea; Anatomy 31 

 32 

 33 

Background 34 

Total knee arthroplasty (TKA) can significantly alleviate the pain of patients with end-stage knee 35 

osteoarthritis (OA), improve knee joint function and the quality of life. It has achieved tremendous 36 
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success in the past few decades. In terms of alignment options, mechanical alignment (MA), as a 37 

standard surgical technique, has won the approval of the majority of surgeons and the technical 38 

support from almost all knee prosthesis manufacturers. The alignment target of MA is to restore the 39 

"neutral" alignment of the lower extremities, but significant variation exists in the alignment of the 40 

normal population [1]. Therefore, some studies supposed that the surgical technical requirements of 41 

MA are related to the high dissatisfaction rate of patients after TKA [2-4] . Kinematical alignment 42 

(KA) is dedicated to restoring the anatomical geometry of the tibiofemoral joint and the laxity of 43 

the joint to that which it would have been before the onset of arthritis[5], and abandoning the 44 

"neutral" alignment of the MA, it has attracted widespread attention in recent years [6-8]. 45 

Patellofemoral complications and anterior knee pain after TKA have been widely concerned. 46 

Many factors are related to the disorder of patellofemoral joint, including: patellar resurfacing or 47 

not, patellar tracking, the design of the femoral component, malalignment of the components, and 48 

alignment options. The technical requirement of mechanically aligned TKA (MA-TKA) is to restore 49 

the "neutral" alignment of the lower limbs and the joint line perpendicular to the mechanical axis of 50 

the lower extremities, MA-TKA would conflict consequently with the natural joint line inclination. 51 

A study showed that MA-TKA can lead to overstuffing of the distal lateral femoral condyle. This is 52 

because of the valgus joint line of distal femur in most natural knees. Such overstuffing will increase 53 

the tension of the lateral retinaculum during knee flexion, which brings the risk of patellar tracking 54 

disorder. In addition, the degree of overstuffing is related to the degree of valgus of the distal femur 55 

[9]. Although kinematically aligned TKA (KA-TKA) strives to restore the morphology of the 56 

natural tibiofemoral joint, the use of traditional prostheses to perform KA-TKA cannot take the 57 

patellofemoral joint into full consideration. Therefore, whether KA-TKA will bring unpredictable 58 

patellofemoral disorders has become a research hotspot in recent years.  59 

The published literatures focused on the position of the trochlear groove, the patella-femoral 60 

alignment and corresponding biomechanics [10-13]. As far as we know, no study has focused on 61 

the mismatching between the femoral component and the trochlear resection surface when KA-TKA 62 

is performed using conventional prostheses. In clinical practice, we found that the insufficient 63 

coverage of the femoral component on the lateral trochlear resection surface during KA-TKA is 64 

very common. We speculated that such scenario was caused by the design of conventional 65 

prostheses, which were developed to comply with the requirements of MA. The reference axes of 66 

KA-TKA, however, are completely different from that of MA-TKA. Therefore, the alignment 67 

parameters of the lower limbs of different individuals, especially the joint line inclination and the 68 

rotation alignment parameters of the distal femur, would have an impact on this insufficient 69 

coverage. So, this study was conducted with intention to investigate the related alignment 70 

parameters that affect the mismatching between the femoral component and the trochlear resection. 71 

 72 

Methods 73 

Patients 74 

Inclusion criteria for KA-TKA patients: Knee osteoarthritis with Kellgren-Lawrence Grade III 75 
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or Grade IV, ≤ 5° of  varus of proximal tibia  (medial proximal tibial angle, MPTA ≥ 85°),  76 

and ≤ 5° of valgus deformity.  Exclusion criteria: inflammatory arthritis, previous knee injury 77 

or ligament insufficiency, genu recurvatum, and ≥10° of fixed flexion contracture. Given that 78 

trochlear dysplasia may have unknown impacts on this study, patients diagnosed with trochlear 79 

dysplasia before KA-TKA were excluded from this study. From May 2018 to August 2020, a total 80 

of 55 patients underwent KA-TKA in our institution. After excluding 3 patients diagnosed with 81 

trochlear dysplasia and 7 patients with missing intraoperative measurement data of bone cut 82 

exposure, 45 patients (52 knees) were finally included in this study. Eleven patients were men and 83 

34 patients were women. The mean age was 69.5±6.7 years (56-85 years), and the mean body mass 84 

index was 28.6±4.2kg/m2 (26-34 kg/m2). The preoperative radiographic changes of 1 knee were in 85 

accordance with Kellgren-Lawrence Grade Ⅲ, and the other 51 knees were in compliance with 86 

grade IV. 50 patients had varus knees and 2 patients had valgus knees. Among them, 16 patients (16 87 

knees) were performed KA-TKA with the assistance of patient-specific instrumentation (PSI-KA) , 88 

and 29 patients (36 knees) were performed KA-TKA using conventional instruments with 89 

measurement tools (Calipered kinematically aligned instrumentation, Calipered-KA). All bilateral 90 

KA-TKAs (7 patients) were performed using Calipered-KA technique.  91 

Surgical plans 92 

The design of PSI was based on full-length computed tomography (CT) of lower extremities, 93 

while the surgical technique of Calipered-KA followed the technique recommended by Howell et 94 

al[14]. No matter which assistant alignment instrument was used, articular surface-based bone cut 95 

approach is adopted [7]. A Vernier caliper was used to measure the thickness of the resected bone 96 

pieces of the distal femoral condyles, posterior condyles, and tibial plateau. The general principle is 97 

that the sum of the thickness of the resected bone piece, the compensation thickness of the worn 98 

cartilage, and the width of saw kerf is equal to the thickness of the component. 99 

For the manufacturing of PSI, CT data (Slice thickness, 0.625mm) was collected and imported 100 

into Mimics (version 17，Materialise NV, Belgium) for 3D reconstruction, then the solid models 101 

was imported into NX 9.0 (Siemens PLM Software, TX, US) for the design of PSI (Figure 1a,b) . 102 

Rapid prototyping technology (Formiga P 110, EOS, Krailling, Germany) was used for 3D printing 103 

of the PSI. The printing material is medical nylon (PA2200 Polymer powder, EOS, Krailling, 104 

Germany), which can be sterilized using autoclaving. 105 

For the intraoperative application of PSI, all the residual articular cartilage should be removed 106 

using a curette before the PSI was secured to its unique position. Different from the management of 107 

articular cartilage in PSI-KA, Calipered-KA only removed the residual cartilage on the severely 108 

worn side. If the contralateral articular cartilage is intact, then keep it in place. Stacked neodymium 109 

magnets (1mm of thickness each) were used to compensate the cartilage thickness on the severely 110 

worn side (Figure 2a, b).  111 

The distal femoral resection was parallel to the joint line of the distal femur, the posterior condyle 112 

resection was parallel to the posterior condyle axis (PCA), and the posterior condyle resection was 113 

performed using posterior referencing technique. The tibial plateau resection was based on the 114 
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original inclination of proximal tibial joint line, and the tibial rotation alignment was consistent with 115 

the anteroposterior axis of the lateral plateau. The posterior tilt of resection was consistent with the 116 

posterior slope of the natural tibial plateau. A single posterior cruciate retained (CR) designed 117 

prostheses (Gemini MK Ⅱ, Link, Hamburger, Germany) were used in current study. 118 

Parameters measurement 119 

Before KA-TKA, the full-length weight bearing radiographs of lower limbs were obtained from 120 

all patients. hip-knee-ankle angle (HKA) was measured from the full-length radiograph. HKA was 121 

defined as the angle between the mechanical axes of the femur and the tibia, the value of varus HKA 122 

was defined as a positive, and the value of valgus HKA was defined as a negative. Other alignment 123 

parameters' measurements followed the methods described by Paley [15]. Measured and recorded 124 

the mechanical lateral distal femoral angle (mLDFA), the medial proximal tibial angle (MPTA), and 125 

the joint line convergence angle (JLCA). Retrieved the full-length CT data of all PSI-KA patients, 126 

determined the angle between the surgical transepicondylar axis (TEA) and the posterior condylar 127 

axis (PCA) using the in-house Maximum intensity projection (MIP) technology (SOMATOM 128 

Sensation, Siemens, Germany) and defined this angle as transepicondylar axis angle (TEAA). 129 

(Figure 3a). In addition, TEAA was also measured and recorded using a protractor in all patients 130 

included in this study during operation (Figure 3b). The above parameters were used as independent 131 

variables in this study. 132 

Measured the distances from the lateral edge of the trochlear resection surface to the femoral 133 

component trial at two levels: the corner of the anterior condyle resection and the anterior chamfer 134 

resection (inferior exposure, INFexposure) and the middle level between this corner and the apex 135 

of the anterior flange of the femoral trial (middle exposure, MIDexposure) (Figure 4). The widths 136 

of the exposed trochlear resection at these two levels were used as the dependent variable for 137 

subsequent analysis. 138 

Statistical analysis 139 

All measurement parameters are subjected to Shapiro-Wilk test. Parameters that conformed to the 140 

normal distribution were presented as mean±standard deviation, and those that did not conform to 141 

the normal distribution were presented as Median (Interquartile range). In patients receiving PSI-142 

KA, the reliability test of the two sets of TEAA data from CT measurement and intraoperative 143 

measurement was conducted. Reliability was determined by calculating the intraclass correlation 144 

coefficient (ICC) with 95% confidence interval (CI). An ICC value of >0.8 indicates very good, 145 

0.6–0.8 good, 0.4–0.6 moderate, and <0.40 poor[16]。Correlation test was performed between the 146 

dependent variables and all independent variables, and linear regression analyses were conducted 147 

between variables with significant correlations. All analyses were performed using SPSS (v. 22.0, 148 

IBM, Armonk, NY), and P <0.05 was considered as statistically significant. 149 

 150 

Results 151 

The data of mLDFA, MPTA and TEAA conformed to the normal distribution, while other 152 

parameters did not conform to the normal distribution. The exposed width of the distal and middle 153 
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level of lateral trochlear bone cut surface were 2.0(2.4)mm (0-5mm) and 3.0(2.9)mm (0-6mm), 154 

respectively. The other measurement results of the respective variables are shown in Table 1. Only 155 

7 knees out of 52 knees had no obvious bone resection exposure of the lateral trochlear, and other 156 

knees had various extent of bone cut surface exposure (incidence rate 86.5%). 157 

Table 1 Descriptive statistics of various measurement parameters 158 

 Shapiro-Wilk(Sig.) mean±SD Median(Interquartile range) 

HKA(°) 0.001 NA 6.0（3.0） 

mLDFA(°) 0.658 88.2±2.0 NA 

JLCA(°) 0.000 NA 4.9（1.8） 

MPTA(°) 0.466 87.2±1.3 NA 

TEAA(°) 0.093 3.4±1.2 NA 

INFcover(mm) 0.035 NA 2.0（2.4） 

MIDcover(mm) 0.023 NA 3.0（2.9） 

 159 

The reliability test (ICC, Two-way mixed effects, random, fixed effects) of the two sets of TEAA 160 

measurements was performed in 16 patients who received PSI-KA, ICC is 0.792 (0.501-0.922), 161 

indicating the two measurement approaches had good consistency. For the data collection of TEAA,  162 

MIP approach of CT has better accuracy than intraoperative measurement[17], so the TEAA data of 163 

PSI-KA patients are all derived from CT measurements. 164 

The results of Spearman correlation analysis showed that the two levels of bone cut exposure 165 

were significantly correlated to mLDFA and HKA, but not correlated to other independent variables 166 

(Table 2). Further linear regression analyses showed that INFexposure and MIDexposure are more 167 

sensitive to the values of mLDFA, with regression coefficients of -0.480 (R2=0.496) and -0.724 168 

(R2=0.702), respectively; while HKA has a slight influence on the exposure of the trochlear bone 169 

cut surface. The regression coefficients were -0.310 (R2=0.357) and -0.384 (R2=0.340), 170 

respectively (Figure 5a, b). 171 

Table 2 Nonparametric Spearman’s correlation results among measurement parameters 172 

  HKA mLDFA JLCA MPTA 

MIDcover Correlation Coefficient 

P （2-tailed） 

-0.636 

<0.01 

-0.834 

<0.01 

0.049 

0.732 

0.129 

0.363 

INFcover Correlation Coefficient 

P （2-tailed） 

-0.646 

<0.01 

-0.689 

<0.01 

-0.064 

0.652 

0.242 

0.084 

 173 

Discussion 174 

Current study confirmed that the extent of the exposed bone cut surface of the lateral trochlear 175 

during KA-TKA is indeed negatively correlated with mLDFA: the more valgus the joint line of the 176 

distal femur, the larger the exposed bone cut surface on the lateral trochlea. In addition, the extent 177 

of exposed bone cut surface is also weakly correlated with the alignment of the lower extremities: 178 

the more severe the varus knee, the smaller the exposed bone cut surface of the trochlea. The results 179 

of this study suggested that the design of a new prosthesis that meets the technical requirements of 180 
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KA might require lateralization of the front flange of the femoral component to a certain extent. 181 

During the design of the front flange of the femoral component for KA-TKA, because of significant 182 

variation in mLDFA among individuals, such lateralization adjustment should be meticulous, 183 

otherwise, in some patients, it would result in overhang of the femoral component, irritation of the 184 

lateral retinaculum and patellar maltracking. The results of this study implied that personalized 185 

custom prostheses may be more promising for the restoration of patellofemoral anatomy in KA-186 

TKA. 187 

Before this study, we speculated that the femoral rotation alignment changes of KA-TKA relative 188 

to MA-TKA would affect the exposure of the trochlear resection. In terms of femoral component 189 

rotation alignment, the reference axes in KA-TKA and MA-TKA are primary femoral axis and TEA, 190 

respectively. The primary femoral axis is the connecting line between the centers of best-fit sphears 191 

of medial and lateral condyles[18], while TEA is the most reliable reference axis in the measured 192 

resection technique of MA-KTA. The primary femoral axis had been proved relatively internally 193 

rotated compared with TEA[19]. The rotational alignment of the femoral component significantly 194 

affect the patellofemoral kinematics: an average 5°of rotation of the femoral component result in a 195 

4° of tilt of the patella[20]. However, the results of this study were beyond the preoperative 196 

speculation: the extent of exposed trochlear resection is not significantly related to TEAA. This 197 

indicates that the rotational alignment of the femoral component does not significantly affect the 198 

matching between the component and trochlear resection surface. This result may be explained by 199 

that the relative internal rotation of the femoral component will only lead to a relative decrease in 200 

the amount of the lateral trochlear resection rather than a significant medialization of the anterior 201 

flange. 202 

To our knowledge, there is no study on the matching of the femoral component to the trochlear 203 

resection surface in KA-TKA. KA-TKA related researches on the patellofemoral joint are mostly 204 

aimed at the trochlear position[21], trochlear orientation[12], patellar tracking[13], or kinematics of 205 

the patellofemoral joint[10, 11]. All of the above studies did not take the matching of the femoral 206 

component and the trochlear resection surface as consideration. 207 

From the patellofemoral reconstruction perspective, the results of this study confirmed that the 208 

insufficient coverage of lateral trochlear resection surface is very common in KA-TKA when 209 

conventional prosthesis is used. Although lateralization of the femoral component could alleviate 210 

the insufficient coverage of the exposed resection, the adjustment extent of such lateralization is 211 

very limited, because of the matching of tibiofemoral joints must be taken into account 212 

simultaneously. Concerned about the irritation of the lateral retinaculum, oscillating saw was used 213 

to trim the remaining ridges in some patients. The results of this study suggested that when 214 

developing a prosthesis that meets the requirements of KA-TKA, the design of the femoral front 215 

flange should not only be based on the anatomical parameters of the natural trochlea, but also take 216 

the inclination of the femoral joint line and lower limb alignment parameters into consideration. 217 

There were several limitations in this study: First, only one type of prostheses were employed in 218 

this study, it does not mean that other commercial prostheses have the same extent of trochlear 219 
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resection exposure. Further clinical studies involved multiple prostheses or computer simulation 220 

studies are necessary to confirm current result. Second, not all patients had CT data in this study. 221 

The majoraty of TEAA data were acquired from intraoperative measurement, which might impact 222 

the accuracy of TEAA. However, The preoperative CT data were retrospectively collected from 16 223 

patients who received PSI-TKA , and the reliability test result of the two sets of TEAAs is "good". 224 

Despite the above-mentioned limitations, the results of this study are sufficient to prove that the 225 

insufficient coverage of trochlear resection surface in KA-TKA is not only related to the design 226 

philosophy of the conventional prostheses, but also correlated with the degrees of valgus of the 227 

distal femur and the degrees of varus of the knee. 228 

 229 

Conclusions 230 

The insufficient coverage of trochlear resection surface in KA-TKA is negatively correlated with 231 

the degrees of valgus of the distal femoral joint line and the degrees of varus of the knee. The present 232 

study suggest that attention should be paid to the effects of tibiofemoral alignment parameters on 233 

the matching between implants and femoral trochlea in the development of KA-specific prostheses. 234 

 235 

 236 
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 344 

Figures and Legends 345 

 346 

Figure 1 Computer aided design (a) and intraoperative application (b) of PSI. 347 

 348 

Figure 2 Stacked neodymium magnets (white arrows) are used to compensate the thickness of worn 349 

articular cartilage (2mm) in Calipered-KA 350 

 351 

Figure 3 Transepicondylar axis angles (TEAA) were measured by preoperative superimposed CT(a) 352 

and protractor in the operating room(b). (a) Determined the recess of the medial epicondyle, the 353 

prominence of the lateral epicondyle, and the highest point of the medial and lateral posterior 354 

condyles by MIP approach of CT, the TEAA value was automatically obtained by the in-house 355 

program; (b) Intraoperative measurement required electrocautery to mark the position of the medial 356 

and lateral epicondyles on the distal femoral resection surface. The arms of the protractor were 357 

parallel to the posterior pedals of instruments and the electrocautery marks, respectively. 358 

 359 

Figure 4 Intraoperative caliper measurement of the exposed bone resection of the lateral trochlea. 360 

The white and blue arrows represent the width of the exposed bone cut surface at the distal 361 

(INFexposure) and middle (MIDexposure) level of the trochlea, respectively. 362 

 363 

Figure 5 The influence of distal femoral joint line (mLDFA) and the alignment of lower extremities 364 

(HKA) on the insufficient coverage of the lateral trochlear resection, where INFexposure and 365 

MIDexposure represent the width of the exposed bone resection at the distal and middle level of the 366 

trochlea, respectively. 367 



Figures

Figure 1

Computer aided design (a) and intraoperative application (b) of PSI.



Figure 2

Stacked neodymium magnets (white arrows) are used to compensate the thickness of worn articular
cartilage (2mm) in Calipered-KA



Figure 3

Transepicondylar axis angles (TEAA) were measured by preoperative superimposed CT(a) and protractor
in the operating room(b). (a) Determined the recess of the medial epicondyle, the prominence of the
lateral epicondyle, and the highest point of the medial and lateral posterior condyles by MIP approach of
CT, the TEAA value was automatically obtained by the in-house program;(b)Intraoperative measurement
required electrocautery to mark the position of the medial and lateral epicondyles on the distal femoral
resection surface. The arms of the protractor were parallel to the posterior pedals of instruments and the
electrocautery marks, respectively.



Figure 4

Intraoperative caliper measurement of the exposed bone resection of the lateral trochlea. The white and
blue arrows represent the width of the exposed bone cut surface at the distal (INFexposure)and
middle(MIDexposure)level of the trochlea, respectively.



Figure 5

The in�uence of distal femoral joint line (mLDFA) and the alignment of lower extremities (HKA) on the
insu�cient coverage of the lateral trochlear resection, where INFexposure and MIDexposure represent the
width of the exposed bone resection at the distal and middle level of the trochlea, respectively.
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