The Knee 26 (2019) 1338-1347

Contents lists available at ScienceDirect

The Knee

Check for
updates ‘

Does total contact of the patella with the femoral trochlea during
no thumb test significantly reduce anterior knee pain?

Jitesh Manghwani?, Shrinand V. Vaidya **, Hiren Patel®, Chintan S. Vaidya ¢

¢ Department of Orthopaedic Surgery, King Edward VIl Memorial Hospital, Mumbai, India
b Department of Orthopaedics, BYL Nair Hospital, Mumbai, India
€ Dr. R N Cooper Municipal General Hospital, Mumbai, India

ARTICLE INFO ABSTRACT

Article history:

Received 23 March 2018

Received in revised form 11 August 2018
Accepted 5 September 2018

Background: Complications such as anterior knee pain (AKP) and crepitus continue to be
causes of dissatisfaction after total knee arthroplasty (TKA). This prospective study aimed to
study the significance of total patellar contact with the femoral trochlea of the implant, with
the no thumb test during trial reduction, and its effect on reducing AKP.
Methods: Between 2014 and 2016, 445 patellofemoral joints (M:F 126:319, age 45-80 years)
and their contact with the trochlea of the femoral component were graded at trial reduction
S . without lateral retinaculum release (Grades I, Ia, II, IIl based on existing publications). The
Dissatisfaction . . . . o . .
Grades of contact aim was to restore all patellae to pre-operative thickness. Posterior stabilized implants with a
No thumb test domed patella were used in all cases. The Knee Society Score (KSS) and Visual Analogue
Patellofemoral contact Scale (VAS) score were noted at follow up between 12 and 24 months after surgery.
Results: AKP was significantly lower with 100% patellofemoral contact. The KSS and VAS had
statistically significant P-values of 0.021 and 0.025 in Grade I and la contact, respectively. Better
results were achieved where patellar thickness was restored in Grades I and Ia with P-values of
0.041 and 0.046 for VAS change and 0.038 and 0.044 for KSS change, respectively.
Conclusion: At follow up, superior results were obtained where there was a complete
patellofemoral contact at trial reduction in Grade I and Grade Ia, and when other confounding
factors such as patellar thickness and normal rotation of the femoral and tibial components
were standardized. To minimize AKP it is imperative to have total patellar contact with the
femoral trochlea.
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1. Introduction

There is well-documented discrepancy between clinicians' and patients' ratings of total knee arthroplasty (TKA) surgical
outcomes, making patient satisfaction an important area of concern [1-6]. As per the reports, dissatisfaction ranges from 11 to
20% [2,7-9]. Mannion et al. reported that 43% of patients remained completely pain free after primary TKA, with 2% of failures
owing to pain [10,11]. This dissatisfaction has been attributed to multiple factors [12,13]. The most common is anterior knee
pain (AKP), which may affect up to 50% of patients [1,14-16]. The etiology of AKP is multifactorial, with some factors being
identified as contributory, including: patellofemoral maltracking, patellar tilt, patellofemoral overstuffing, or technique [14,17,18].
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The aim of the current study was to identify and address possible factors that will reduce AKP; it especially focused on the
patellofemoral joint. The percentage of patellar prosthesis contact with the femoral trochlea at the extremes of flexion during sur-
gery has never been explored as one of the causative mechanisms of AKP. Patellar contact with the femur is influenced by size of
the femoral and tibial components, along with their rotations, alignment, surgical approach, and patellar design [19-24]; it might
also lead to extensor mechanism complications [19,25-28].

Maniar et al. conducted a study that classified patellofemoral contact, with the no thumb test, into four categories from full
contact to complete dislocation, and recommended release based on this classification (Table 1) [29]. The current study aimed
to evaluate the clinical outcomes of these four grades of patellofemoral contact only, without any release. It aimed to confirm
whether the significance of Grade I or 100% patellofemoral contact would lead to better results in terms of AKP as compared
with other grades. The amount of reduction of AKP in different grades of patellofemoral contact was compared with patellar thick-
ness. The no thumb test was considered as one of the best parameters with which to assess patellar tracking, as the pressures are
highest at 120° flexion. The authors believe that there is no study that further subclassifies patellofemoral contact during the no
thumb test and its correlation with outcomes.

Therefore, the aim of this prospective study was to confirm the correlation of percentage contact with the sequential reduction
in AKP (i.e. the lesser the contact, the more the AKP, and vice versa).

2. Material and methods

A total of 445 primary knees with etiology of osteoarthritis and operated during 2014-2016 were included in the study. A
cemented, posterior stabilized, primary press fit condylar (PFC) implant was used (SIGMA systems, DePUY Orthopedics, Inc.
Warsaw, IN, USA). All patellae were resurfaced. The surgical procedure was performed by the same senior surgeon. The pa-
tients were asked to follow up at regular intervals of 3 months, with a range of 12-24.5 months and mean of 17.6 months.
(Figure 1).

Of the 445 cases: 12 could not be followed up; five were ineligible for follow up owing to death due to natural causes; and
seven were lost to follow up and stopped reporting at the 3-monthly intervals. Therefore, the effective sample size was 433.
The age ranged from 45 to 80 years, with a mean of 64.4 + 5.2 years. A total of 309 (71%) were females and 124 (29%) were
males. Cases with neurological illnesses, known pain syndromes, and Grade IV patella were excluded. Cases with postoperative
evidence of any lucencies, lysis or instability, as per the Knee Society criteria, were not considered as a part of the study [30].

The patients' body mass indexes were recorded and ranged from 19.7 to 46.5 kg/m? (mean 27 + 4.6). Pre-operative varus
angle ranged from 7 to 27° (mean 17 + 3.7).

2.1. Surgical technique

All surgeries were performed by the senior author (S.V.V.) under pneumatic tourniquet. An anterior midline skin incision with
mid-vastus approach and medial parapatellar arthrotomy with a similar gap balancing technique was used in all cases [31-34].
The lateral patellofemoral ligament was routinely released for better lateral patellar retraction without everting the patella. The
femoral cut was first made with an intramedullary guide confirming the rotations. The valgus angle cut was always confirmed
as part of pre-operative planning, as shown in Figures 2 and 3. The tibial cut was always taken with the knee in 90° flexion,
confirming the rotations with 5° posterior slope in all cases (by aligning the component with the medial one-third of the tibial
tubercle, confirming the posteriomedial area of tibial plateau bone, be uncovered). The gap balancing technique was employed
using lamina spreaders to balance the knee in flexion. The anteroposterior femoral cutting jig was appropriately rotated so as
to create a rectangular gap. The medial and lateral gaps were equaled with exact dimensions of the flexion space. The
transepicondylar line in each case was used for rechecking and confirming the balance (Figures 4 and 5).

The tibial component was aligned with the lateral border of the tibia so that the Q angle was in pre-arthritic state. With the
knee in extension and a spacer inserted in the created space between the tibia and femur, the patella was everted and held by
standard towel clips. Patellar thickness was measured at the median raphae using Vernier calipers (Figure 5). The inferior fat
pad was removed to define the patella inferior sulcus. The patella was sawed at the equator in a superior inferior fashion. Slivers
of lateral facet and medial facet were removed at the equator. Three pegs were drilled, a trial was inserted, and the patellar thick-
ness with the insert was measured again (Figure 5).

Table 1
Grading by Maniar et al. [29].

Sr Grade Description

No

1 I Normal tracking: patellar trial component is in full contact with the femoral component. Figure 6

2 la Near normal tracking: medial facet of the patella is lifted off the medial femoral trochlea; separation of the patella medial facet from the medial
femoral trochlea is <2 mm. Figure 7

3 Il Tilting of patella: patellar medial facet is lifted away from the medial femoral trochlea by >2 mm. Figure 8

4 il Subluxed patella: medial and lateral facets of the patellar insert are not in contact with their respective parts on the trochlear groove. A portion

of the laterally displaced medial facet is in contact with the lateral aspect of the femoral component. Figure 9
5 v Dislocated patella
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Figure 1. Patient demographics.

Figure 2. Pre-operative planning in anterior-posterior radiographs.
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Figure 3. Pre-operative planning in lateral radiographs.

Patellofemoral tracking was confirmed and re-evaluated using the no thumb test. Two independent observers confirmed the
grading as per Maniar et al. (Table 1) (Figures 6-9) [29]. Grading was based on patella insert contact with the femoral condyles.
The amount of patellofemoral contact between the resurfaced patellar and the femoral component trochlea was judged to be
around 120° flexion by the no thumb test. Tracking was assessed at maximum possible flexion by flexing the knee as much as
possible; the end point of it was contact between the heel and buttocks in all patients.

A limitation of this study was the possible effect of the inflated tourniquet on patellar tracking, as all the tracking was assessed
with the tourniquet inflated. The patients had identical postoperative pain control and rehabilitation protocols. No lateral

Figure 4. Gap balancing technique, confirming medial and lateral spaces stretched equally using lamina spreader.
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Figure 5. Measurement of patellar thickness: pre-cut and post-implantation.

retinaculum release was performed to improve the quantity of contact, as performed by Maniar et al. [29] This patellofemoral con-
tact grading can be determined intraoperatively with the no thumb test, not pre-operatively.

The criteria for defining AKP after TKA were pain on standing up and/or activities such as stair climbing [35,36]. At follow up
the patients were asked whether they had any pain around the patella during activities such as sitting, standing up from a chair,
climbing up and down stairs, or walking. The patients were asked to locate the pain, and only the ones classically locating pain
anteriorly over the knee were considered as having AKP.

Pre-operative and postoperative Visual Analogue Scale (VAS) and Knee Society Score (KSS) scores were recorded by the oper-
ating surgeon, with regular follow ups at 3-monthly intervals. The outcomes of VAS change and new KSS of various grades of con-
tact were compared by the Kruskal-Wallis test. Comparison between patella thickness maintained (PTM) or not maintained
(PTNM) of each grade was performed by Mann-Whitney tests.

3. Results
3.1. Grading
The sample (n = 433) was divided as per the grading of patellar tracking (Table 2): PTM and PTNM.
Change in VAS and KSS scores rather than pre-operative and postoperative scores was chosen, as some patients reported with

a lower score and some with higher. There was a wide variation in the scores; hence, it was felt that the change in scores from
pre-operative status held more value than just the comparison between the pre- and post operative scores. It is important to note

Figure 6. Grade I tracking: normal tracking. The medial facet is touching the medial femoral trochlea. The lateral facet is touching the lateral femoral trochlea. Pa-
tellar insert in full contact with the femoral component.
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Figure 7. Grade la tracking: near-normal tracking. Same as in Grade I, except that the medial facet of the patella is lifted off the medial femoral trochlea; the sep-
aration of the patellar medial facet from the medial femoral trochlea is less than 2 mm.

that the high number of PTNM patients was due to only patients being included with exact thickness maintained in the PTM
group as before the patellar cut rather than considering any alteration in thickness in the PTM group.

3.2. AKP

The change in VAS score in various grades of tracking is shown in Table 3. After applying the Kruskal-Wallis test, the VAS
change was statistically significant with a P-value of 0.021 (Table 3). This means that AKP (VAS score) was significantly lower
in patients with Grade I tracking as compared with other grades.

After applying the Kruskal-Wallis test, the change in KSS score in a Grade I tracking patella was statistically significant with a
P-value of 0.021 (Table 2). This means that the function and range was better in patients with a Grade I tracking patella as com-
pared with other grades.

The change in VAS with respect to patellar thickness in various grades of tracking is shown in Table 4. The reduction in AKP, as
seen in the Table 4, was statistically significant in cases with Grade I and Grade Ia tracking with maintained patellar thickness, as
compared with the ones in which patellar thickness was not maintained in the same grade of tracking. The P-values were 0.041
and 0.046, respectively, after applying the Mann-Whitney test (Table 4). However, no such statistical significance was seen in
Grade II and III tracking patellae.

The change in KSS with respect to patellar thickness in various grades of tracking is shown in Table 5. The change in KSS was
statistically significant in cases with Grade I and Grade Ia tracking with maintained patellar thickness, as compared with the ones

Figure 8. Grade II tracking: tilting of patella. Similar to Grade Ia, except that the patellar medial facet is lifted away from the medial femoral trochlea by more
than 2 mm.
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Figure 9. Grade III tracking: subluxation of patella. The medial and lateral facets of the patellar insert are not in contact with their respective parts on the trochlear
groove. A portion of the laterally displaced medial facet is in contact with the lateral aspect of the femoral component,

in which patellar thickness was not maintained in the same grade of tracking (Table 5). The P-values were 0.038 and 0.044, re-
spectively, on application of the Mann-Whitney test (Table 5). However, no such statistical significance was seen in Grade II and
Il tracking patellae.

No significant association was found between AKP and sex, body mass index, and pre-operative varus angle. No association
was found between AKP and clunk with AKP in various grades.

4. Discussion

AKP remains a major cause of dissatisfaction after TKA surgery [2]. Residual AKP may have multiple causes, as discussed. AKP
is primarily associated with loaded activities such as getting up from a chair and climbing stairs (including high flexion activities)
[35,36]. Undoubtedly, one of the prerequisites for a good outcome is to have excellent patellar tracking. This study attempted to
specifically correlate the significance of amount of patellar contact with the femoral trochlea (Grade I-IV tracking) with presence
of AKP. It is believed that this study is the first of its kind, where accurate patellar resurfacing was judged by totality of its contact
with the femoral prosthesis trochlea after confirming with no thumb test at trial reduction. The contact areas between the patella
and femur vary at different degrees of knee flexion [37,38]. With the increase in the amount of knee flexion, the patellofemoral
contact forces proportionately increase [39-41]. Hence, the current assessment was performed at 120° flexion or maximum
achievable thickness at trial reduction. The totality of contact of the patellar component with the trochlea of the femoral compo-
nent has been classified by Maniar et al. into different grades as per the amount of contact, as discussed [29].

This study examined the finer aspects of patellofemoral contact, not just the no thumb test. No thumb test is the point where
the patella does not need to be stabilized by the pressuring thumb on its anterior surface during trial reduction. The patella in full
contact with the femoral trochlea helps the quadriceps mechanism to work efficiently without causing any pain that may be due
to malalignment in any plane. The patella acts as an efficient pulley without any deviation, which is possible only with complete
contact. It has never been thought that lateral retinaculum release would improve patellofemoral contact or achieve Grade I con-
tact every time. It has been presumed that any overenthusiastic release, to fine-tune no thumb test, may cause immediate post
operative pain at the outer lateral margin of the retinaculum [42,43]. The current results showed that Grade I tracking achieved
the best results, with maximum reduction in AKP as per the VAS change and KSS (Table 2). This agrees with the findings by
Maniar et al. [29] However, as opposed to Maniar et al., the current study did not perform any lateral retinaculum release to con-
vert all Grade I, III, IV to Grade I tracking because the sole aim was to see whether a better result is related to superiority of

Table 2
Division of sample size.
Grade | n =119 PTM n = 60
PTNM n =59
Grade la n =118 PTM n = 58
PTNM n = 60
Grade II n = 105 PTM n =55
PTNM n = 50
Grade Il n =91 PTM n = 46
PTNM n =55

PTM, patellar thickness maintained; PTNM, patellar thickness not maintained.
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Table 3
Visual Analogue Scale change in different grades of patellar tracking.
AKP (VAS change) KSS change
Grade | 66.17% 127.26
Grade la 64.54% 119.22
Grade I 53.46% 110.14
Grade III 50.09% 106.84
P = 0.021* P = 0.025*

AKP, anterior knee pain; KSS, Knee Society Score; VAS, Visual Analogue Scale.

contact when other confounding factors are the same. Although there was apprehension about pain at the release site, retinacu-
lum release is recommended as an afterthought, as superiority of all Grade I patella undoubtedly led to better results as opposed
to other grades as a control. Hence, achieving total facet contact as an ideal end point for smooth patellar tracking together with
thickness restoration is recommend. Every patella must have total contact for good results, ignoring the disadvantage of pain at
the release site, which subsides over a period of time; the advantages outweigh this disadvantage. This is in total agreement
with the study by Maniar et al. [29]

This study went a step beyond: to find the significance of patellar thickness at each grade. The patients in each group were
divided into PTM and PTNM groups. The PTM included only the patients who had exactly the same patellar thickness (in mm)
after instrumentation as before the cut. Despite efforts to restore pre-operative thickness, the thickness may not be possible to
maintain after trial owing to: thicker cement, uneven cut, or leaving the lateral facet unsawn. As seen in Table 4, significant P-
values were found for KSS and VAS score differences in Grades I and Ia. This suggests that a Grade I tracking patella with retained
patellar thickness is definitely better compared with altered thickness, on the basis of AKP and KSS with statistical significance.
However, no such significance was found in Grades II and III, which implies that if the contact is less than the retaining thickness
it would not influence the AKP.

Bengs and Scott designed a study to evaluate the intraoperative effect of patellar thickness on patellar tracking during TKA
[44]. They reported that with every 2-mm increase in patellar thickness there was a decrease in passive knee flexion by 3°.
One prospective study of 50 TKAs using condylar prostheses and a standardized technique for patellar resurfacing was performed
to evaluate the accuracy of resurfacing by Rand [18]. He also reported decreased incidence of AKP in cases with patellar thick-
nesses the same as the pre-operative levels.

A similar implant was used in all cases (PFC). The confounders were removed by using a similar implant in terms of patellar
design, femoral condyle design and bearing surface. It is believed that this may be reproducible in any other system, at least in
terms of percentage of patellofemoral area of contact.

There were no complications such as clunk or crepitus in the current cohort. These causes of AKP were removed by meticulous
technique employed by the authors, which included steps such as recreation of thickness, removal of suprapatellar synovial folds,
and sawing of lateral facets to prevent incidence of these complications. Thus, these meticulous steps helped in avoiding compli-
cations in all cases.

The current authors tried to highlight one of the major causes of AKP that may lead to dissatisfaction. The initial apprehension
about what was felt about over release, irrespective of steady patella on no thumb test, was totally unfounded. The results in
Tables 2-4 clearly confirm this, and would therefore be recommended in principle to achieve excellent patellofemoral articulation
contact in all the cases. It is proposed that this classification be used for ideal tracking of patella [29].

The authors are in total agreement with Maniar et al.: to release every case, so as to improve the patellofemoral contact as
much as possible, by graded lateral retinaculum release with the aim of achieving 100% contact (Grade I). Although the release
area over the retinaculum is painful postoperatively, the pain quickly diminishes completely and there is no AKP in the long-
term, with 100% patellar articulation. Maniar et al. recommended an outside-in technique for release; however, the current au-
thors do not have any experience with this [29].

Table 4
Visual Analogue Scale change in different grades of patellar tracking with respect to patellar thickness.

AKP (VAS change in %)

Grade | PTM 69.47 P = 0.041*
PTNM 62.87

Grade Ia PTM 67.37 P = 0.046*
PTNM 61.7

Grade II PTM 54.63 P=0.29
PTNM 523

Grade III PTM 514 P =037
PTNM 47.79

AKP, anterior knee pain; PTM, patellar thickness maintained; PTNM, patellar thickness not maintained; VAS, Visual
Analogue Scale.
* Significant P-value (P<0.005)
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Table 5
Knee Society Score change in different grades of patellar tracking with respect to patellar thickness.

Knee Society Score change

Grade | PTM 132 P = 0.038*
PTNM 122.36

Grade Ia PTM 122.88 P = 0.044*
PTNM 112.56

Grade II PTM 114.08 P = 0.137
PTNM 106.2

Grade IIl PTM 108.76 P = 0.148
PTNM 103.76

PTM, patellar thickness maintained; PTNM, patellar thickness not maintained.

It is possible that the results of TKA with patellar resurfacing will deteriorate over time. Also, severity of AKP and clinical scores
will change with time. Therefore, this study needs to be conducted with a larger sample size and over a longer duration of
follow up.

5. Conclusions

There was a statistically significant correlation between patellofemoral contact at trial reduction and no thumb test. The mean
relief in AKP was one of the foremost causes of dissatisfaction.

The authors recommend not just accepting the no thumb test at trial reduction, but aiming for 100% contact for Grade I even if
it requires lateral retinaculum release.
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