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Abstract

Background/Objectives: Total knee arthroplasty (TKA) is one of the most common surgeries among
people over 60. Joint line restoration plays an important role in knee biomechanics, with joint line
elevation or depression after TKA being associated with poorer postoperative outcomes, although
there is no consensus regarding the threshold at which these variations become clinically relevant.
The objectives of this study were to evaluate whether a joint line variation greater than 4 mm after
primary TKA affects postoperative outcomes, and to assess the concordance between different
radiographic methods used to measure joint line height. Methods: A retrospective study was
conducted including patients over 60 who underwent primary TKA for knee osteoarthritis. Joint line
height variations were evaluated preoperatively and postoperatively using three radiographic
measurements: lateral femoral epicondyle-fibular head (LEFH) distance, adductor tubercle-joint line
(ATJL) distance, Blackburne-Peel index. Quality of life was assessed using the Short Form-12 (SF-12)
questionnaire, and functionality using the Knee Society Score (KSS). Statistical analysis was carried
out using R software. Results: Seventy-nine patients were included. No statistically significant
associations were found between joint line displacement and functional outcomes (KSS), quality of
life (SF-12), or postoperative complications. Concordance analysis between radiographic methods
showed a significant but weak correlation between the LEFH and ATJL measurements (o = 0.39; p <
0.001). Conclusions: Joint line displacement after primary TKA was not associated with poorer
postoperative outcomes in this cohort. The weak concordance observed between radiographic
measurement methods highlights the need for standardized criteria.

Keywords: total knee arthroplasty; joint line; functional outcomes; quality of life; knee biomechanics;
radiographic assesment

1. Introduction

Osteoarthritis of the knee is one of the world’s most prevalent conditions and one of the leading
causes of chronic pain, impaired mobility, and diminished quality of life in the elderly [1]. As a
degenerative disease, it constitutes the most common indication for total knee arthroplasty (TKA),
97.4% of which being attributable to the condition [2,3]. The progressive ageing of the population,
together with a growing number of seniors demanding more active lifestyles, has notably increased
the number of TKAs performed in the last few decades [4]. The procedure is one of the most frequent
among persons above the age of 60, with increasingly favorable clinical and functional results thanks
to the development of increasingly sophisticated implants and surgical techniques [5,6].

Nevertheless, in spite of these advances, it has been estimated that between 20% and 30% of
operated patients fail to achieve the expected degree of satisfaction following TKA [4]. This may be
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explained by various factors, both patient-related (age, comorbidities, expectations), and procedure-
related. The latter include the precision of bone cuts; implant positioning and orientation; lower limb
alignment; and soft tissue balancing, both in flexion and in extension. In addition, joint line
restoration, which has received widespread attention in the literature, is another mainstay for proper
reconstruction of knee biomechanics [7,8].

It has indeed been demonstrated that the joint line plays a key role both in tibiofemoral motion
and in patellofemoral joint biomechanics [9]. A proximally displaced joint line (joint line elevation)
could result in a secondary patella baja, also known as a pseudo-patella baja, which typically induces
impingement and anterior pain. A distally displaced joint line (joint line depression), on the other
hand, is associated with patella alta, disturbances in the extensor mechanism, and a risk of patellar
subluxation [10]. It has been reported that variations equal to or higher than 4 mm in the height of
the joint line may result in midflexion instability and poorer overall knee function [7,11-13].

It must be said that a marked displacement of the joint line is not always associated with poorer
clinical outcomes: the observed displacement may in some cases result from correction of an
abnormal preoperative joint line, which should contribute to improved joint function. This
observation adds complexity to the interpretation of this parameter and has contributed to a lack of
consensus over what degree of displacement should be considered clinically significant [7].
Moreover, the existence of several radiological methods for measuring the position of the joint line
makes it more difficult to establish comparisons across studies and to extrapolate their clinical results,
as there is no universally accepted standard [11,14].

Against this background, it is of particular interest to analyze the impact of joint line
displacement on patients’ clinical evolution following primary TKA. The present study aimed to
contribute some evidence on a matter fraught with controversy and over which no standard has yet
been established. An evaluation was made of the relationship between joint line displacement and
clinical/functional outcomes as well as the concordance between the different radiological methods
employed for measuring joint line height.

2. Materials and Methods

This was a retrospective observational study of patients diagnosed with osteoarthritis of the
knee who underwent a TKA at Mostoles University Hospital (Spain) between September 2019 and
June 2023. The study protocol was approved by the Hospital’s Institutional Review Board (approval
code 37/2023). All patients were required to give their informed consent prior to being enrolled.

To be included in the study, patients had to be aged over 60 years and be diagnosed with
osteoarthritis of the knee. All patients had to have been operated by the same surgeon, with the same
prosthetic system (Legion, Smith & Nephew plc, Watford, United Kingdom), and had to have been
followed up for at least one year. Patients who refused to provide their informed consent and those
with incomplete clinical records were excluded from participation.

A record was made of socio-demographic variables (age, sex, body mass index (BMI) and
smoking status), as well as of variables related to the patients’ condition (operated knee), the surgical
procedure (patellar resurfacing), postoperative outcomes (complications; function as measured by
the Knee Society Score (KSS) through its KSS-knee and KSS-function subscales; quality of life, as
measured by the Short Form-12 (SF-12) questionnaire’s physical and mental components), and
radiographic variables (joint line height variation).

Joint line height variations were evaluated using three radiographic measurements, performed
before and after surgery (Figure 1):

1. Lateral femoral epicondyle-fibular head (LEFH) distance [15,16]: any variation in excess of 4 mm
with respect to the preoperative value was considered a significant abnormality, the joint line
being classified as elevated when the postoperative LEFH distance was more than 4 mm shorter
than preoperatively; depressed when the postoperative distance was more than 4 mm longer; or
maintained when the difference was between -4 and +4 mm.
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2. Adductor tubercle-joint line (AT]JL) distance [17,18]: the same criteria were applied as when
measuring the LEFH distance.

3. Blackburne-Peel index [19]: values below 0.5 (patella baja) and above 1 (patella alta) were
considered abnormal. Values between 0.5 and 1 were considered normal.

Figure 1. Methods employed for measuring variations in joint line height: (a) Adductor tubercle-joint line (ATJL)
distance; (b) Blackburne-Peel index: relationship between the height of the inferior border of the patellar articular
surface (A) and the articular surface length of the patella (B); (c) Lateral femoral epicondyle-fibular head (LEFH)

distance.

The statistical analysis was carried out using R software (R Development Core Team, version
4.4.3) [20]. Central tendency (mean, median) and dispersion (standard deviation, range) were
calculated for quantitative variables, and absolute and relative frequencies were used for qualitative
variables. Associations between qualitative variables were evaluated using the Pearson chi-squared
test or Fisher’s Exact Test, depending on the magnitude of the expected values. Correlations between
continuous variables were analyzed by means of Spearman’s correlation coefficient. The differences
between the quantitative variables of the two groups were evaluated using Student’s t test or the
Wilcoxon test, depending on the distribution of data. Comparisons between the variables of three or
more groups were carried out using the analysis of variance (ANOVA) test or the Kruskal-Wallis
test, as appropriate. A concordance analysis was also performed between the different radiographic
methods employed to measure the joint line. Statistical significance was set at a p value <0.05.

2.1. Surgical Technique

The same surgical technique was used in all cases. The preoperative plan was carried out using
TraumaCad software (BrainLab), which made it possible to estimate the level at which the femoral
and distal osteotomies had to be carried out, and to determine the size of the prosthetic components
required. During surgery, a mechanical alignment technique was used, which involved a distal
femoral osteotomy with an intramedullary guide, typically positioned at 6° valgus unless otherwise
provided by the preoperative plan. The femoral preparation was completed with posterior
referencing and a cutting block adapted to the size of the prosthetic components employed,
maintaining 3° of external rotation with respect to the posterior condylar plane. An intramedullary
guide was used to perform a 3-6 mm osteotomy at the portion of the tibial plateau exhibiting the
greatest amount of wear, in accordance with the preoperative plan, subsequently creating a 3-degree
posterior tibial slope.
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3. Results

A total of 79 patients were included in the study, 53 females (67.1%) and 26 males (32.9%), with
a mean age of 73.76 + 7.04 years (range: 60-89). Mean bone mass index (BMI) was 29.99 + 5.10 kg/m?
(range: 20.5 a 42.8), and 11.4% of patients were smokers. A total of 41 TKAs were performed on the
left knee and 38 on the right knee. Only 12 cases (15.2%) included resurfacing of the patella. During
follow-up, 23 patients (29.1%) reported mechanical pain during ambulation or when climbing or
going downstairs (complications) (Table 1).

Table 1. Descriptive variables of the sample. Demographic, clinical and functional characteristics.

Variable N Mean+SD Median Minimum Maximum
Age 79 73.76x7.04 75 60 89
BMI 79 29.99+5.10 29.60 20.50 42.80

Variable Category Frequency %
Sex Female 53 67.1
Male 26 32.9
Smoker No 70 88.6
Yes 9 11.4
Knee Right 38 48.1
Left 41 51.9
Patellar resurfacing No 67 84.8
Yes 12 15.2
Complications No 56 70.9
Yes 23 29.1

As regards postoperative joint line displacement, 45 of the 79 patients (57.0%) presented with a
postoperative displacement in excess of 4 mm, as measured by the LEFH distance. In 14 of these cases
(17.7%) the joint line was elevated and in 31 (39.2%) it was depressed. According to the ATJL distance
measurements, 33 patients (41.8%) experienced a displacement of more than 4 mm, 18 of whom
presented with an elevated joint line and 15 with a depressed one. As regards the Blackburne—Peel
index, 22 patients (27.8%) presented with abnormal postoperative values, with 4 cases of patella alta
and 18 of patella baja. In sum, a total of 9 patients (11.4%) presented with abnormal values in all three
of the parameters considered (Table 2).

Table 2. Postoperative status of the tibiofemoral joint line according to the three radiographic methods

employed.
Parameter Result Frequency %
. . Elevated joint line 14 17.72
Lateral femoral eclit)ilsct(;r;cclzle—ﬁbular head Maintained joint line 34 43.04
Depressed joint line 31 39.24
Adductor tubercle-joint line distance Elevated joint line 18 22.78
Maintained joint line 46 58.23
Depressed joint line 15 18.99
Blackburne-Peel index Patella alta 4 5.1
Normal 57 72.2
Patella baja 18 22.8
Abnormal values across all parameters No 70 88.6
Yes 9 11.4

As far as the functional and quality-of-life scales are concerned, the mean score on the KSS-knee
scale of the Knee Society Score (KSS) was 71.94 + 17.67 points, while the mean score on the KSS-
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function scale was 67.66 +23.61 points. The SF-12 questionnaire’s physical component yielded a mean
of 38.36 + 11.06 points, whereas the mean score on the mental component was 47.91 + 13.38 points.

An analysis of the association between those scales and the variations in joint line height taken
as a continuous value using Spearman’s correlation test did not reveal any statistically significant
correlation between the degree of displacement and the postoperative KSS and SF-12 scores on any
of the parameters employed (p > 0.05) (Figure 2).
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Figure 2. Spearman’s correlations between pre-and postoperative joint line height values, as measured using the
LEFH distance and the ATJL distance, and Knee Society Score (KSS) and Short Form-12 (SF-12) scores.

Similarly, no statistically significant difference was observed with respect to function and quality
of life scores. Such scores were similar across the groups, regardless of postoperative joint line
(elevated/maintained/depressed) or patellar position (high-riding, normal, low-riding) (p > 0.05). The
means of the different categories, represented in Table 3. exhibited very similar values, without any
trend or variation suggesting a relationship between the postoperative position of the joint line and
clinical/functional outcomes.

Table 3. KSS and SF-12 scores and distribution of complications according to the postoperative position of the

joint line according to the different measurement methods employed.

Lateral femoral epicondyle-fibular head distance

Elevated joint line Maintained joint line (- Depressed joint

Scales (<-d) 424) line (>4) p value
KSS knee 71.93 +18.04 70.62 +17.14 73.39 +18.55 0.743
KSS function 68.57 +26.99 65.59 +22.79 69.52 +23.54 0.591
SF-12 physical 39.09 +11.23 37.71 +£9.00 38.74 +13.17 0.806
SF-12 mental 50.00 + 10.70 46.36 + 14.02 48.66 + 13.93 0.557
Complications 4 YES/10 NO 9 YES/25 NO 10 YES/21 NO 0.946

Adductor tubercle—joint line distance
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Scales Elevated joint line Maintained joint line (- Depressed joint p value
(<-4) 4a4d) line (>4)
KSS knee 69.78 +16.93 73.78 £17.47 68.87 +19.59 0.504
KSS function 67.50 £ 26.75 67.83 +£22.10 67.33 +25.83 0.984
SF-12 physical 37.00 +11.34 37.87 +10.47 41.48 +12.66 0.336
SF-12 mental 49.21 +14.40 48.01 +12.83 46.02 + 14.50 0.741
Complications 4 YES/14 NO 12 YES/34 NO 7 YES/8 NO 0.252
Blackburne-Peel index

Scales Patella baja (<0.5) Nor(r(r;z;lfell)t ella Patella alta (>1) p value
KSS knee 76.33 +£15.23 70.09 £ 17.89 78.5+24.41 0.261
KSS function 67.78 £ 25.51 67.11 £22.97 75.0+29.72 0.815
SF-12 physical 40.69 = 10.42 37.42 +11.17 41.36 +13.31 0.477
SF-12 mental 50.41 +12.90 47.02 +13.48 49.19 £ 16.16 0.446
Complications 8 YES/10 NO 13 YES/44 NO 2 YES/2 NO 0.109

An analysis of joint line displacement and the appearance of postoperative complications did
not reveal any significant associations either, regardless of the measurement method employed (p >
0.05). When using the LEFH distance, complications occurred in 28.6% of patients with an elevated
joint line, in 26.5% of those with a maintained joint line, and in 32.3% of those with a depressed joint
line (p = 0.946). Similar results were obtained when using the ATJL distance (p = 0.252) and the
Blackburne-Peel index (p = 0.109) (Table 3).

In addition, an evaluation was made of the influence of other variables recorded in the study on
the patients” KSS and SF-12 scores. Statistically significant differences were observed between males
and females, such that males exhibited significantly higher scores on the KSS-function scale and the
SF-12 questionnaire’s physical component. Moreover, age was significantly correlated with the KSS-
function scale, scores being consistently lower in older patients. Other variables such as BMI, smoking
status, undergoing patellar resurfacing or experiencing complications did not bear a significant
correlation with KSS or SE-12 scores. Results are shown in Table 4.

Table 4. Associations between sociodemographic, clinical and surgical variables and KSS and SF-12 scores.

Variables KSS knee (p) KSS-function (p) SF-12 physical (p) SF-12 mental (p)
Age 0.414 0.002 * 0.996 0.552
BMI 0.220 0.069 0.110 0.061
Sex 0.531 0.001 * 0.002 * 0.072
Smoking status 0.818 0.754 0.792 0.853
Patellar resurfacing 0.228 0.773 0.600 0.768
Complications 0.787 0.342 0.521 0.586

Note: * Significant values (p < 0.05).

Lastly, the concordance between the different radiographic techniques for measuring joint line
displacement was determined by analyzing the postoperative joint line displacements obtained by
measuring the LEFH distance and the ATJL distance. A weak yet significant positive correlation was
observed between both measurements (o = 0.39; p < 0.001). This weak correlation was reflected in a
means difference analysis, which yielded significantly disparate values (mean: -3.32 + 8.01 mm; p <
0.001).

4. Discussion

The present study analyzed the relationship between joint line displacement following primary
TKA and the patients” long-term clinical/functional outcomes, as evaluated by the Knee Society Score
(KSS) and the SF-12 questionnaire. The analysis distinguished between postoperative joint line
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elevation, maintenance or depression, using three different radiographic methods: the LEFH
distance, the AT]JL distance and the Blackburne-Peel indeXx, the latter serving as a surrogate indicator
for the position of the patella. No statistically significant differences were found on the KSS or SF-12
scores between patients with an elevated, a maintained or a depressed postoperative joint line, nor
were any significant correlations observed between the degree of displacement and the patients’
clinical outcomes. These findings suggest that joint line alterations of the magnitudes observed in the
study do not seem to, at least significantly, impact the patients’ long-term function or quality of life.

The findings of this study are in line with a significant portion of the available evidence. Yang et
al. [21] found no significant differences in clinical outcomes between patients with a postoperative
joint line displacement higher or lower than 3 mm. Similarly, Clavé et al. [22], only found a weak
correlation between joint line elevation (>4 mm) and the KSS function score and no correlation
whatsoever with the KSS knee score. Other authors were also unable to find an association between
the position of the joint line and function, pain or quality of life following TKA [10,23-25]. Even in
studies comparing various surgical techniques —such as “gap balancing” vs. “measured resection” —
failure to restore the patients’ preoperative joint line height did not result in differences in the
patients’ function or quality of life [26]. In sum, it can be said that most authors in the literature fail
to establish a conclusive relationship between joint line displacement and clinical/functional
outcomes following TKA.

However, no universally agreed-on consensus exists on the subject. Several authors have
described a negative relationship between excessive joint line elevation and functional outcomes,
particularly when the elevation is above 4-5 mm, a threshold considered clinically relevant by most
literature reviews [27-29]. Van Lieshout et al. [7] concluded that an elevation over 4 mm is associated
with poorer KSS scores and recommended avoiding larger displacements during surgery. Similarly,
Koshire et al. [4] found elevations greater than or equal to 5 mm to be correlated with poorer
functional outcomes and more restricted mobility, as reflected by lower KSS and Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) scores. In the same vein, Partington et al.
[30] reported that significant joint line elevations, in particular those in excess of 8 mm, are correlated
with significantly lower clinical outcomes following revision arthroplasty. The literature suggests
that the clinical impact of joint line displacement does not depend so much on the fact that a
displacement has occurred, but on the magnitude of such a displacement. Nevertheless, there is still
no consensus regarding the exact displacement beyond which clinically significant function or
quality of life differences start appearing [7]. In the present study, no statistically significant
association was observed between joint line alteration and the patients” KSS or the SF-12 scores using
a threshold of 4 mm.

Despite the clinical importance traditionally attributed to proper joint line restoration, one of the
main reasons behind the disparity across the different studies is the absence of a standardized method
to measure joint line displacement [31,32]. Multiple techniques have been developed to quantify joint
line displacements following TKA, although no universally accepted gold standard [14,22]. Sadaka
et al. [33] pointed out that, although several anatomical and radiographic methods have been
proposed, none of them has been shown to be consistently reliable. The most commonly used
anatomical landmarks include the medial epicondyle, the fibular head, the inferior pole of the patella
and particularly the adductor tubercle, regarded by many authors as the most precise, reproducible
and easily identifiable landmark both in radiographs and during surgery [17,34]. These authors
showed the ATJL distance to be well correlated with the subjects’ native joint line height and
recommended it be used to facilitate restoration of the joint line in primary and revision surgery.
Moreover, the adductor tubercle tends to remain intact following surgery, as opposed to other
anatomical landmarks, which may undergo changes or even disappear [33].

More advanced methods have recently been put forward for improving the reliability and
reproducibility of joint line height measurements. Some authors have proposed methods involving
ratios between bone structures such as the Adductor Tubercle—Ratios Method [35], or other formulas
based on the width of the femur [36], to reduce the potential errors resulting from radiographic
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magnification and inter-individual anatomical variability. Other studies have proposed three-
dimensional techniques based on surface scanning or 3D registration methods [37,38]. However,
despite these advances there is as yet no consensus in the literature as to the most precise or clinically
relevant method for evaluating joint line displacement [32,39]. In view of the lack of an agreed gold
standard, measurements in the present study were made using three different radiographic methods,
with a view to analyzing their concordance and determining which of them provides a more reliable
estimation in clinical practice.

Consequently, in addition to quantifying the joint line displacements experienced by our
subjects, the study set about evaluating the concordance between two radiographic methods based
on some of the most commonly used anatomical landmarks in the literature: the LEFH distance and
the ATJL distance. The analysis revealed a weak yet statistically significant positive correlation (o =
0.39; p < 0.001), which means that, although both methods were found to measure some common
feature of joint line displacement, the correlation between them is not strong enough to consider them
interchangeable. In this respect, the means difference analysis performed as part of this study
identified statistically significant discrepancies between the measurements made (-3.32 + 8.01 mm; p
< 0.001). Although previous studies have analyzed the reliability of various anatomical landmarks
for measuring the joint line [15,32,40,41], none of them has to the best of our knowledge made a head-
to-head comparison of these two techniques in one single cohort. Our results suggest that both
methods offer partially overlapping estimates, albeit the magnitude of the difference observed could
lead to an over- or underestimation of joint line displacement if one single method was applied in
isolation. In this regard, anatomical landmark selection should be conducted with caution and, where
possible, be supplemented by other measurement techniques.

Although no significant association was found in our series between the degree of joint line
displacement and functional outcomes, quality of life or complications, this finding should be
interpreted in its appropriate context. Indeed, the clinical impact in most cases considered —where
joint line displacements stood within a moderate range— may be of limited extent and be influenced
by other factors. Overall limb alignment, prosthetic design, ligament balancing and the patients’
characteristics (age, sex, preoperative function) have been described in the literature as potential
determinants of post-TKA outcomes [8,42-45]. Our study also identified associations between
demographic variables and functional and quality of life scores. Specifically, statistically significant
differences were observed between males and females, both on the KSS-function scale and the SF-12
questionnaire’s physical component, women exhibiting lower scores. This pattern was also observed
by other authors [43,46]. Furthermore, age showed itself to be significantly associated with KSS-
function scores, with older patients obtaining poorer outcomes. In this respect, the literature presents
with contrasting findings [47,48]. Further research should focus not only on the displacement of the
joint line but also on the factors that could modulate the effect of any changes in joint line height.

The present study is not exempt from limitations. First and foremost, its retrospective design
and the absence of preoperative KSS and SF-12 scores preclude an individualized assessment of the
evolution of patient function. Secondly, although three radiographic methods were analyzed, only
concordances between two of them were analyzed, as the Blackburne-Peel index does not allow
direct expression of displacement in millimeters. In addition, technical factors such as radiographic
magnification, the position of the knee while images are acquired and the lack of a universal gold
standard could have influenced the measurements obtained. Finally, the small size of our sample (n
=79) and the choice of an arbitrary cut-off point (> 4 mm) make it difficult to generalize our results.

5. Conclusions

The present study did not find a direct relationship between joint line displacement and the
clinical/functional outcomes obtained following TKA. Even so, the lack of a universally accepted
measuring method, compounded by a significant amount of inter-observer variability, remains a
significant challenge. Consequently, it is paramount to develop standardized radiographic criteria
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that allow more accurate inter-study comparisons giving rise to conclusions that can be successfully
applied in clinical practice.

Author Contributions: Conceptualization, EM.F.S., S.L.R,, Y.G.P. and P.C.C.; methodology, EM.F.S. and P.C.C;
formal analysis, EMLE.S; investigation, EM.F.S,, S.L.R., Y.G.P. and P.C.C.; writing—original draft preparation,
E.M.E.S. and S.L.R; writing—review and editing, EM.E.S,, SL.R, Y.G.P. and P.C.C.; supervision, EM.F.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Review Board of Mostoles University Hospital (approval code:
37/2023 and date of approval: 13 December 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the corresponding

author due to privacy or ethical restrictions.

Acknowledgments: The authors would like to thank Pablo Roza Miguel, Maria Rabanal Rubio and Elisa Alvarez
Menéndez members of the MBA Institute Chair of Medical and Biomechanical Research of the University of
Oviedo, and Tania Iglesias-Cabo, member of the Statistical Consulting Unit of the Scientific-Technical Services

of the University of Oviedo, for their collaboration in the statistical analysis and the drafting of this manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
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ATJL Adductor tubercle-joint line

BMI Body mass index

KSS Knee Society Score

LEFH Lateral femoral epicondyle-fibular head
SF-12 Short Form-12

TKA Total knee arthroplasty
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