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Aim: To compare the lateral and medial approaches of total knee arthroplasty (TKA) in the valgus knee.
Materials & methods: An electronic search from the PubMed, Embase, Web of Science and Cochrane
library was performed according to ‘TKA, ‘valgus’, ‘knee’ and ‘approach’. Subsequently, manual search
was conducted from the reference lists in the identified studies. Results: Four randomized controlled
trials and five cohorts were included. Better knee society score and function was noticed in patients after
lateral approach. Similar postoperative valgus deformity, operative time, blood loss, Western Ontario and
McMaster Universities Osteoarthritis Index, range of motion, pain and total complications in both groups.
Conclusion: Compared with the medial approach for TKA in valgus knee, current data shows superior
results after TKA by the lateral approach.
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In the past few decades, practitioners have accepted the total knee arthroplasty (TKA) as an effective procedure to
manage advanced knee arthritis. Among patients who need primary TKA, approximately 10-15% of patients show
valgus deformity (1], which presents a unique challenge to the operating surgeon [2]. For joint surgeons, especially
the junior doctors, the special pathological deformity in valgus knee needs more skills to gain the perfect component
position and to restore soft-tissue balance. Initially, the conventional medial parapatellar capsulotomy was used
to treat the valgus knee. However, there are controversies regarding this approach in the published literature.
Through the standard medial approach, one study found that the anatomical axis was accurately restored in only
22-30% of valgus knees [3]. Additional studies also report poor results for TKA in the valgus knee using the medial
approach [4-6]. In contrast, the minimally invasive medial approach can achieve similar range of motion (ROM)
and knee society scores [71. With enough soft tissue release, the medial approach exhibited an overall 15-year rate
0f 90.52% for implant survival (s].

To gain a good result, the flexion contracture deformity of the lateral side in severe valgus knee should be explored
and released to obtain a balanced knee. Keblish ez 4/. introduced the lateral approach and reported excellent results
in valgus knees (9. Modified methods of the lateral approach, such as Z-plasty of the articular capsule [10] and the
pie-crusting technique [11], show good outcomes. Niki ez al. reported that the lateral approach, when compared
with the medial approach, showed comparable or superior postoperative knee scores, radiographic features and
complication rates [12]. Another study reported improved patellar tilt control following total arthroplasty in the
valgus osteoarthritic knee, with 3.1 degrees using the lateral approach compared with 18 degrees using the medial
approach [13].
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Although previous studies have reported promising results, small size of sample and different tests made it
difficult to compare their results. Superiority of the medial or lateral approach remains controversial. The aim of
this meta-analysis was to compare and analyze the clinical and radiological outcomes of the two approaches.

Methods

No specific approval was required from our hospital for this study because it was conducted based on data from
published literatures. This paper was prepared in the guidelines of the prioritized reported items for systematic
review and meta-analysis.

Study search & inclusion criteria
An extensive electronic search of the literature until 1 May 2019 was performed for the following database: PubMed,
Embase, Web of Science and Cochrane library. To identify eligible studies, we used the following search terms:
‘valgus’ AND ‘knee’ in title AND ‘approach’ through the text. A further search of the references of the initially
identified studies for other relevant articles missed by our search was also completed. No restrictions were made
with regard to language. Eligible studies were selected by reviewing the abstract or title. If the abstract or title was
inadequate, we reviewed the entire article to reach a final eligibility decision.

Studies comparing the effects of surgical approach were identified including randomized controlled trials (RCT),
prospective or retrospective studies. Studies were excluded according to the following criteria: no comparison of
the lateral and medial approach, studies with low methodological quality, unavailable data from full text.

Methodological assessment

All eligible studies were independently evaluated by two reviewers (Zhijun Li and Guijun Xu). According to
the Cochrane handbook for systematic review of intervention, quality evaluation of the included RCTs was
conducted. For the compared cohort studies, methodological quality was assessed using the methodological index
for nonrandomized studiesform. Consensus was reached by discussion for any disagreements between the two
researchers.

Data extraction

Data extraction was independently performed by two researchers (Zhijun Li and Guijun Xu) including the following
information: authors, country, study design, publication year, age and gender, size of sample, BMI, diagnosis, extent
of knee valgus, description of approach and time of follow-up. The following clinical outcomes in the analysis
included: knee function, pain, ROM, operation time and blood loss. The radiological information included the
degree of the valgus knee angle, fixed deformity and deformity of patella. Complications reported in the eligible
studies were also included.

Data analysis & statistical methods

The meta-analyses were performed using RevMan 5.1 (The Cochrane Collaboration, Oxford, UK). The effects of
the extracted clinical characteristics and radiological features were calculated as mean difference (MD) or odds ratio
with a 95% CI for continuous or dichotomous variables. The data initially presented as a median and range were
converted into mean and standard deviation according to the formulation in a previous study [14]. The heterogeneity
for each outcome was evaluated using the standard x? test. I < 50% and p > 0.05 was defined as no significant
heterogeneity and the fixed-effect model was adopted. Otherwise, the random-effect model was selected if I >
50% and p < 0.05.

Results

Search results

Figure 1 illustrates the search process. The electronic search initially identified 206 items, of which 119 studies
were excluded because they were duplicate titles. After scanning the titles and abstracts, 77 records were excluded
according to predefined criteria. Three studies were excluded after review of the full-text article. Another two
studies were abstracted from the bibliographies of identified papers. In total, four RCTs [13,15-17] and five cohort
studies [12,18-21] reporting the results of the lateral and medial approaches were included for further analyses.

Study characteristics
Table 1 summarizes the detailed demographic characteristics of the included studies. The identified studies were
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o
= Records identified through database searching (n = 206)
£ Pubmed (n = 65), Embase (n = 68)
e Web of science (n = 67), Cochrane library (n = 6)
s
— Excluded records due to duplication (n = 119)
=)
=
=
3
g Records screen (n = 87) Excluded records (n = 77)
Full-text articles assessed for Full-text articles excluded
> eligibility (n = 10) (n=3)
3
{=)
w
Additional records identified
through references (n = 2)
3 Studies included in qualitative synthesis (n = 9)
s
©
=
Studies included in quantitative synthesis (n = 9)

Figure 1. The search progress for eligible studies.

conducted in eight countries and published from 2011 to 2018. The sample sizes of the studies ranged from 21
cases in the study by Tonelli ez al. 13] to 532 cases by Langen ez al. [201. In the study by Gunst ez a/. [19], an initial
315 cases in lateral group and 109 cases in the medial group was narrowed down to 238 and 89 patients in the two
groups at the final follow-up, respectively. The sample size of all other studies was less than 50 cases. The diagnosis
of knee disease included both osteoarthritis and rheumatoid arthritis in three studies, only osteoarthritis in three
studies, only rheumatoid arthritis in one study and no clear description of disease in the other two studies. In
the lateral approach group, the tibial tubercle osteotomy (TTO) was also performed in three studies [15,19,20]. The
extent of valgus deformity of included patients is shown in Table 1. In the study by Langen ¢t a/., Ranawat grade II
and III (> 10 degrees) and neutral leg alignment were allocated in the lateral and medial group, respectively [20]. In
Guo ez al., the degree of valgus deformity in the medial group was 15-30 degrees while >30 degrees in the lateral

group [21].

Methodological assessment

A detailed analysis of the methodological quality of the RCTs is illustrated in the Figure 2. The study by Sekiya
et al. did not report the generation of random sequence, allocation concealment, nor blinding of the participants or
outcome assessment [16]. No description of random sequence generation was revealed in study by Kornilov ez 4/. [17).
For the compared cohorts, the total methodological index for nonrandomized studie scores of compared cohorts
ranged from 16 to 23 (Table 2). The main weaknesses of the retrospective studies were a lack of prospective data
collection, no prospective calculation of sample size and a biased assessment of the study end points.
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> | Random sequence generation (selection bias)

Kornilov et al. (2015)

~ | @ | Blinding of participants and personnel (performance bias)

=~

Nikolopoulos et al. (2011)

~ | @ | @ | Blinding of outcome assessment (detection bias)

~ | @ | @ | Allocation concealment (selection bias)

0

=~

Figure 2. The risk of bias summary for randomized Sekiya et al. (2014)
control trials. There is low risk for circle with green '+, .

high risk for circle with red ’-* and unclear risk for circle 1emENCREE (1)
with yellow ‘?".

® ® @ | @ |Incomplete outcome data (attrition bias)
@ | ® | @ | @ | Selective reporting (reporting bias)
> | Other bias
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Table 2. Quality assessment by the methodological index for nonrandomized studies form.

Quality assessment for nonrandomized trials Niki et al. Rawal et al. Gunst et al. Langen et al. Guo et al.
(2011) [15] (2015) [18] (2016) [19] (2016) [20] (2018) [21]

Clearly stated aim 2 2 2

1

-

Inclusion of consecutive patients
Prospective data collection

End points appropriate to the aim of the study

o N O

Unbiased assessment of the study end point

2
2
0
2
2
Follow-up period appropriate to the aims of study 2
2

Less than 5 % loss to follow-up

Prospective calculation of the sample size

Adequate control group

N N O N N O N O

NN

Contemporary groups

Baseline equivalence of groups

N N N N O O N ©O N N N N

N N N N N N N N NN
N N N N O N

Adequate statistical analyses
20 16

N
w
[=)]
0o

Total score

Outcomes of meta-analysis
The surgery-related outcomes mainly included the operative time and blood loss. Kornilov ez a/. reported longer
operative time for patients undergoing the medial approach [17]. Longer operative time in the other studies ranged
from 1.2 to 18.8 additional minutes in the lateral group. The pooled result from six studies showed similar operative
time in both groups (MD = 2.49, 95% CI: -0.17 to 5.16, p = 0.07; I* = 44%, p = 0.11; Figure 3). Two studies
reported the volume of blood loss while one study reported the change of hemoglobin. The blood loss from the
two studies was comparable in two groups (MD = 4.72, 95% CI: -2.34 to 11.79, p = 0.19; I* = 0, p = 0.51).

For evaluation of the post-operative knee, the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMACQ), International Knee Society System Score (IKSS), Hospital for Special Surgery (HSS) and Knee Society
Score (KSS) were reported in different studies. Of these, KSS was the most adopted tool. The pooled data from
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Lateral Medial Weight  pjean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total (%) 1V, fixed, 95% Cl Year 1V, fixed, 95% CI
Niki et al. (2011) 111 13 26 100 16 26 113 11.00 [3.08, 18.92] 2011 L?'_

Gunst et al. (2016) 90.5 238 315 893 211 109 314 1.20 [-3.55, 5.95] 2012

Kornilov etal. (2015) 149 18 25 158 37 17 20 -9.00[-2795,9.95] 2012 —

Tonelli et al. (2016) 124.3 19.5 10 105.5 28.1 11 1.7 18.80[-1.74, 39.34] 2016

Sekiya et al. (2014) 133 24 24 131 18 24 49 2.00[-10.00, 14.00] 2018 -

Guo et al. (2018)

Total (95% Cl)

515 54 13 502 5.3 18 48.6 1.30 [-2.52, 5.12] 2018

413 205 100.0 2.49 [-0.17, 5.16]

Heterogeneity: Chi? =8.93, df =5 (p = 0.11); I = 44% T T I T 1

Test for overall effect: Z = 1.83 (p = 0.07)

-50 -25 0 25 50
Favours medial  Favours lateral

The pooled result of operative time between lateral and medial groups.

SD: Standard deviation.

Lateral Medial Weight  pjean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI Year IV, random, 95% ClI

Niki et al. (2011)

Kornilov et al. (2015) 84 85 25 835 85 17 9.1 0.50 [-4.74, 5.74] 2012 I

89.3 6.9 26 86 10.6 26 10.0 3.30[-1.56, 8.16] 2011 ]

Gunstetal (2016)  88.8 137 238 86.9 157 89 13.9  190[-180,5.60] 2012 —
Langenetal. (2016) 90 2.4 58 854 09 474 29.1 4.60[3.98, 5.22] 2016 -
Sekiyaetal. (2014) 893 42 24 8 4 24 207  2.30[-0.02 4.62] 2018 —=—
Guo et al. (2018) 80.3 32 13 801 52 18 172 0.20 [-2.77,3.17] 2018 —
Total (95% Cl) 384 648 100.0 2.49 [0.60, 4.37] -

Heterogeneity: Tau? = 3.08; Chi? = 14.66, df =5 (p = 0.01); I> = 66%
Test for overall effect: Z =2.59 (p = 0.010)

T T
-10 -5 0 5 10
Favours medial  Favours lateral

Figure 4. The pooled result of knee society score between lateral and medial groups.
SD: Standard deviation.

six studies showed better result in patients with the lateral approach (MD = 2.49, 95% CI: 0.60-4.37, p = 0.01;
I* = 66%; p = 0.01; Figure 4). Significant heterogeneity was noticed and further analysis was performed by
excluding the studies by Langen ez /. and Guo ez al. due to different valgus deformity in two groups. Excluding
these two studies from analysis, the heterogeneity significantly decreased and a better KSS was confirmed in patients
undergoing the lateral approach (MD = 2.14, 95% CI: 0.42-3.87; p = 0.01; I? = 0; p = 0.89). Patients in the lateral
group also displayed better result in the specific KSS-function (MD = 1.24, 95% CI: 0.57-1.90, p < 0.001; I? = 0;
p = 0.95). Comparable performance between two groups was found in the WOMAC (data from two studies; MD =
-1.86, 95% CI: -5.29 to 1.56, p = 0.29; I? = 92%; p < 0.001), ROM (data from four studies; MD = 2.32, 95%
CI: -01.95 t0 6.60, p = 0.29; I? = 83%; p =0.95) and pain (data from two studies; MD = 0.80, 95% CI: -2.12 to
3.73,p=0.59; I? = 0; p = 0.46).

The postoperative valgus deformity was reported in eight studies. Four studies evaluated the valgus by the femoral
and tibial anatomical axis (FTA) while mechanical axis (FTM) was used in the other four studies. In all patients and
two subgroups, the pooled result showed no significant difference in postoperative valgus deformity between the
lateral and medial approach group (MD = -0.10, 95% CI: -0.58 to 0.38, p = 0.68; I> = 53%, p = 0.04; Figure 5).

The complications reported in six studies included the migration of tibial tuberosity, venous thrombosis, infection,
hematoma, necrosis, nerve palsy and fracture of the tibial tuberosity. Based on the total number of complications
from five studies, the pooled data found no significant difference between the lateral and medial groups (odds ratio
= 0.86, 95% CI: 0.47-1.56, p = 0.62; I? = 42, p = 0.14; Figure 6).
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Lateral Medial Weight  \iean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total (%) 1V, random, 95% CI Year 1V, random, 95% CI
10.1.1 TFM
Niki et al. (2011) 06 33 26 11 38 26 5.1 -0.50 [-2.43, 1.43] 2011 —
Kornilov et al. (2015) 05 05 25 1 1 17 20.4 -0.50 [-1.01, 0.01] 2012 ™
Gunst et al. (2016) 0.7 29 238 0.8 2.8 89 172 -0.10 [-0.79, 0.59] 2012 -
Langen et al. (2016) 57 28 58 53 27 474 16.0 0.40 [-0.36, 1.16] 2016 I
Subtotal (95% CI) 347 606 587  -0.17 [-0.59, 0.26] <&

Heterogeneity: Tau? = 0.04; Chi2 = 3.87, df = 3 (p = 0.28); I = 23%
Test for overall effect: Z=0.76 (p = 0.45)

10.1.2TFA

Nikolopoulos et al. (2011) 5.8 18 22 6.8 25 22 92 -1.00 [-2.29, 0.29] 2011 - T

Rawal et al. (2015) 41 2.1 32 54 24 17 8.6 -1.30 [-2.65, 0.05] 2015 —

Sekiya et al. (2014) 16 1 24 1 18 24 150 0.60 [-0.22, 1.42] 2018 T

Guo et al. (2018) 82 23 13 71 12 18 8.5 1.10 [-0.27, 2.47] 2018 1
Subtotal (95% Cl) 91 81 413  -0.11[-1.21,0.99] -
Heterogeneity: Tau? = 0.88; Chi2 = 10.36, df = 3 (p = 0.02); I> = 71%

Test for overall effect: Z = 0.20 (p = 0.85)

Total (95% Cl) 438 687 100.0 -0.10 [-0.58, 0.38] ?

Heterogeneity: Tau? = 0.23; Chi2 = 14.75; df = 7 (p = 0.04); I> = 53% J T T T !
Test for overall effect: Z = 0.41 (p = 0.68) 4 2 . 0 2 4
Test for subgroup differences: Chi? = 0.01; df =1, (p = 0.93), I?= 0% Rl et

Figure 5. The pooled result of valgus deformity after operation between lateral and medial groups.
SD: Standard deviation; TFA: Tibial and femoral anatomical; TFM: Tibial and femoral mechanical.

Lateral Medial Weight Odds ratio Odds ratio
Study or subgroup Events Total Events Total (%) M-H, fixed, 95% Cl Year M-H, fixed, 95% CI
Nikolopoulos et al. (2011) 9 22 3 2 77 4.38[0.99, 19.36] 2011
Niki et al. (2011) 8 26 10 26 30.0 0.71[0.23,2.24] 2011 — &
Gunst et al. (2016) 10 238 7 89 423 0.51[0.19, 1.39] 2012 —
Rawal et al. (2015) 2 32 3 17 15.9 0.31 [0.05, 2.08] 2015 =
Sekiya et al. (2014) 1 24 1 24 42 1.00 [0.06, 16.97] 2018
Total (95% Cl) 342 178 100.0 0.86 [0.47, 1.56] -
Total events 30 24
Heterogeneity: Chi? = 6.86, df =4 (p = 0.14); 12 = 42% T T T 1
Test for overall effect: Z = 0.50 (p = 0.62) Dt iz ! £ 20

Favours medial Favours lateral

Figure 6. The pooled result of complications between lateral and medial groups.
M-H: Mantel-Haenszel.

Discussion

In the current study, we searched the literature comparing the outcomes of the lateral and medial approach in
TKA for the valgus knee. Pooled data showed superior knee score and KSS-function in patients using the lateral
approach and comparable ROM, pain, valgus deformity and complications between the two approaches.

Balance of soft tissue is an important factor in the function after TKA, especially in the severely valgus knee.
Inidially, results of the treatment of the valgus knee by the medial approach were not as good as expected [3].
However, several papers reported excellent results in patients with severe valgus knee deformity after release of the
lateral tissues by the medial parapatellar approach [8,22]. More recent studies have promoted the lateral approach
an effective method of TKA for the valgus knee [23,24]. With the improvement of surgical procedures in medial
and lateral approaches, both methods can guarantee the good knee function and pain control if the surgeons get

future science group www.futuremedicine.com a1
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well trained. Comparable blood loss and marginal differences in operative time also indicated the improvement of
surgical technique.

The restoration of the anatomical axis after TKA is a critical factor for long-term success [25]. An inaccurate axis
may impair the postoperative knee function [26]. It was previously reported that many valgus knee patients cannot
achieve restoration of the anatomical axis through the medial approach (3. In the current study, patients undergoing
the lateral and medial approach exhibited comparable postoperative valgus deformity. Similar correction of the
valgus deformity was the foundation of a comparable knee function. In addition, the patellofemoral instability was
a factor in reported pain and need for surgical revision in some cases [27]. The lateral approach allows more control
of the patellar tilt in the valgus knee. Niki e a/. reported the tilt angle of the patella without further description
and analysis [12). Tonelli ez a/. found better control of the lateral tilt of the patella in the lateral approach group [131.
Accordingly, they suggested the use of the lateral approach for treatment of the valgus knee. Due to limited data,
we cannot draw a definitive conclusion about the effect of approach on patella tilt. Additional data are required to
evaluate the effects of these approaches on patella tilt.

Theoretically, the lateral approach may decrease complications due to the direct exposure and release of lateral
constructions. Additionally, this approach may reduce the possibility of necrosis of the patella by avoiding damage
to vascular structures that are encountered through the medial approach [28]. The included studies did not report
any incidence of patellar necrosis with either of the medial or lateral approaches. However, the related fracture at the
area of osteotomy or tibial plateau using the lateral approach was reported in the previously studies [5,29]. Langen
et al. reported four cases of TTO-related complications out of 106 patients, of which three required additional
fixations to manage operative fracture [20]. Fracture and migration were also reported in other studies. Excluding
the TTO-related complications did not significantly change the trend in the two groups. Peroneal nerve palsy was
reported to in 1-3% patients after TKA for valgus deformity [1,30). However, only one included study reported two
cases of transient peroneal nerve palsy in the lateral approach [1s).

Some limitations must be mentioned in order to better understand the results. High-quality studies are the base
to draw a solid conclusion in meta-analysis. However, only four RCTs were included and the total methodological
quality in the current study was not promising. The radiological parameters were not thoroughly evaluated, and the
patellar tracking should be further assessed to provide more evidence. Different techniques of release of the lateral
soft tissue and the computer assisted surgery used in some studies also may have confounded our results. Future
studies should have a standard design and with well-defined study parameters.

Conclusion
Current data show better KSS and KSS-function after arthroplasty with the lateral approach in patients with valgus
knee. The lateral and medial approach performed similarly in terms of operative time, blood loss, WOMAC, ROM,

pain, valgus control and total complications.

Summary points

e Total knee arthroplasty (TKA) is a challenge in patients with a valgus deformed knee.

e There is no consensus in the results after medial or lateral approach for valgus knee.

e An electronic search was performed in PubMed, Embase, Web of Science and Cochrane library. The following
search terms were used: ‘total knee arthroplasty’ AND ‘valgus’ AND ‘knee’ limited in title AND ‘approach’
throughout the text. Manual search was conducted in the reference lists of initially identified studies.

e Clinical characteristics and radiological features were extracted for analysis.

e Mean difference (MD) or odds ratio with 95% Cl was calculated for continuous or dichotomous variables.
Fixed-effect model was used when 1> < 50% and p > 0.05. Otherwise, the random-effect model was selected.

o Lateral approach leaded to better knee society score (MD = 2.49, 95% Cl: 0.60-4.37, p = 0.01; I> = 66%; p = 0.01)
and function (MD = 1.24, 95% Cl: 0.57-1.90, p < 0.001; I = 0; p = 0.95).

e The two groups showed similar postoperative valgus deformity, operative time, blood loss, Western Ontario and
McMaster Universities Osteoarthritis Index, range of motion, pain and total complications.

e Compared with the medial approach for TKA in valgus knee, current data show superior results after TKA by the
lateral approach.
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