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Introduction: Outcomes and longevity of total knee arthroplasty (TKA) depend mainly on 
restoring knee function, through precise bony resection and appropriate soft tissue balancing. 
The current literature lacks evidence regarding the degree of radiographic change after intra- 
operative knee balancing. The purpose of our study was to assess the degree of change in 
coronal lower extremity alignment by comparing pre-operative to post-operative full-length 
radiographs (FLR) after quantifying the degree of intra-operative knee balancing and corre-
late patient-reported outcomes to the extent of balancing required.
Patients and Methods: One hundred and fifty-four patients undergoing primary TKA for 
varus knee osteoarthritis were included in the study. The performed soft tissue releases and 
bony adjustments to obtain a balanced TKA intra-operatively were prospectively documen-
ted and were grouped into minimal, moderate and extensive release groups. Hip-knee-ankle 
angle (HKA), anatomical femoral-tibial angle (FTA), condylar hip angle (CH), medial 
proximal tibial angle (MPTA) and condylar plateau angle (CPA) were measured on full- 
length radiographs both pre-operatively and post-operatively. Frequencies of the soft tissue 
releases and bony resections in addition to descriptive statistics of the measured angles on the 
radiographs were recorded. In addition, patient-reported outcome scores (PROMs) were 
compared between the grouped patients.
Results: Of those that were included in the study, 66 knees (42.9%) required minimal 
release to adequately balance the knee, while 70 (45.5%) required moderate release and 18 
(11.7%) required extensive release. No statistically significant differences were found in 
change of alignment between the groups for all the measured angles. In addition, no 
difference in PROMs was seen between the groups both pre- and post-operatively.
Conclusion: Although we found no association between post-operative coronal alignment 
of a TKA and the degree of soft tissue release and bony resection, this likely represents the 
fact that a balanced TKA is dynamic and not dependent on change of single radiographic 
parameters. Patient-reported outcomes were not impacted by the extent of releases.
Keywords: knee arthroplasty, soft tissue, balancing, alignment, outcomes

Introduction
Multiple treatment options are available for knee osteoarthritis (OA), including 
conservative management, total and partial knee arthroplasty. Total knee 
Arthroplasty (TKA) is considered the most commonly utilized surgical option for 
management of end-stage knee OA. Outcomes and longevity of this procedure 
depend mainly on restoring knee function, mainly through precise bony resection 
and adequate soft tissue balancing.1–3 While controversy exists in the literature on 
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the adequate intra-operative soft tissue balance, the stan-
dard of care remains achieving symmetrical flexion and 
extension gaps2,4-7 and thus adequate varus/valgus balan-
cing. In the current literature, there is a lack of evidence on 
the effect of soft tissue balancing on lower extremity 
alignment and the amount of change between the pre- 
operative and post-operative radiographs. A study by Gu 
at al. assessed the effect of 5° and 7° valgus cuts on gap 
balancing and change in alignment from native in 
a computer-simulated model. They showed these com-
monly used cut parameters led to undesirable gap imbal-
ances and changes in limb alignment. Although they 
assessed the change in alignment the cohort was of both 
balanced and imbalanced knees, also only the change in 
lower extremity mechanical axis was reported.8

The purpose of our study was to assess the degree of 
change in coronal lower extremity alignment from pre- 
operative to post-operative on full-length radiographs 
(FLR) after intra-operative knee balancing. Our hypoth-
esis is that more extensive soft tissue and bony adjust-
ment will lead to a larger change in coronal limb 
alignment. Also, we aimed to assess the relationship 
between coronal alignment correction and patient- 
reported outcome measures.

Patients and Methods
After obtaining ethics approval from the institutional 
research ethics board, patients undergoing primary total 
knee arthroplasty between September 2014 and 
December 2016 were prospectively included. All proce-
dures were conducted at a single center by one of four 
adult reconstructive fellowship-trained orthopaedic sur-
geons. The inclusion criteria were patients more than 18 
years old who underwent a posterior stabilized TKA 
(using intramedullary femur and extramedullary tibia 
guides) for varus osteoarthritis with a goal of neutral 
alignment and had a standing pre- and post-operative full- 
length hip to ankle radiograph. The exclusion criteria were 
patients with inflammatory arthritis, valgus knee osteoar-
thritis, history of prior knee trauma, history of prior 
femoral or tibial osteotomy and history of knee infection. 
The required soft tissue release and bony adjustments to 
acquire a balanced TKA intra-operatively were recorded. 
The Pre-operative radiographs were used to template the 
bone cuts and understand the anatomy using a standing AP 
knee and full-length radiographs. The components were all 
metal base plate, modular PS total knees and all distal 
femurs were cut using an intramedullary guide and set at 

5 or 6 degrees of valgus depending on patient factors and 
pre-operative templating. The proximal tibial resections 
were all cut to a neutral mechanical axis in the coronal 
plane and the amount of the tibial slope cut at was based 
on the patient’s anatomy aiming for a mechanical align-
ment. The sequence of balancing was according to the 
steps followed at our center using sizing block spacers as 
well as trial components without any intra-operative 
device, we believed this would provide generalizability 
of our findings. These releases were then grouped in 
a stepwise manner (Table 1). These releases were applied 
until the surgeon gained a balanced knee, if at least one of 
the release techniques was utilized from a specific group 
then the knee was considered under that release 
grouSurgical steps were recorded immediately after the 
surgery was completed by completing a check list, with 
each surgical release or bone resection listed.

The full-length radiographs were obtained at year post- 
TKA and then assessed by two observers using the following 
measurements: anatomical femoral-tibial angle (FTA), con-
dylar hip angle (CH), medial proximal tibial angle (MPTA) 
and condylar plateau angle (CPA) (Figures 1 and 2).9,10

The frequencies of each release group were calculated 
and reported using descriptive statistics. Mean, median 
and standard deviation outcomes were reported for the 
radiographic alignment pre-operatively, post-operatively 
and change between these. A Kruskal Wallis H-Test was 
used to compare the alignment change between the release 
groups using SPSS statistical package version 24 (SPSS 
Inc., Chicago, IL) based on the median of pre-operative 
and post-operative change of alignment for each of the 
measured angles.

In addition, pre-operative and post-operative patient- 
reported outcomes (PROMs) were compared between the 

Table 1 Soft Tissue Modification Groups

Minimal release 
group

● 50% deep medial collateral ligament release 

up to mid-coronal tibial plane
● Osteophytes (Tibial and Femoral)

Moderate 
release group

● Complete deep medial collateral ligament 

release
● Posterior Capsule release
● Semimembranosus & Posterior Oblique 

Ligament release

Extensive 
release group

● Tibial reduction osteotomy
● Superficial medial collateral ligament release
● Medial epicondyle osteotomy
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grouped patients. These included the Knee Society Score 
(KSS), WOMAC and SF-12 scores which were collected 
by the surgeons. A Kruskal Wallis H-Test was used to com-
pare the KSS, while one-way ANOVA was used to compare 
the WOMAC and SF-12 scores between the release groups.

Results
A total of 154 patients were included in the present study. 
Ninety-two (59.7%) of the patients were female and 62 
were male (40.3%) (Table 2). Average age of the patients 
included was 67 years old (range: 48–95), while the mean 
BMI was 33.8 (range: 19.1–59.7) (Table 3).

Means and standard deviations of the alignment angles 
were assessed pre- and post-operatively (Table 4). The 
mean change of alignment between the pre-operative and 
post-operative HKA, FTA, CH, MTPA and CPA was 
5.31°, 3.31°, 2.4°, 4.05°and 3.64°, respectively (Table 4).

When we assessed the release grouping, we found 
that 66 (42.9%) required minimal release to adequately 
balance the knee, while 70 (45.5%) required moderate 
release and 18 (11.7%) required extensive release. No 
statistically significant differences were found in change 
of alignment between the groups for all the measured 
angles (Table 5).

Figure 1 Pre-operative alignment measurements on full-length radiographs. 
Notes: Copied with permission from Alzahrani, M.M., et al, Correlation of Short Knee Radiographs and Full-length Radiographs in Patients Undergoing Total Knee 
Arthroplasty. Journal of the American Academy of Orthopaedic Surgeons: June 1, 2019 - Volume 27 - Issue 11 - p e516–e521, DOI: 10.5435/JAAOS-D-18-00272.10 

Abbreviations: HKA, hip-knee-ankle angle; FTA, femoral-tibial axis; CH, condylar hip angle; MPTA, medial proximal tibial angle; CPA, condylar plateau angle.
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Concerning the PROMs, no statistically significant dif-
ferences were found between the patients in the three 
groups (minimal, moderate and extensive release) both 
pre- and post-operatively (Table 6,7).

Discussion
While a number of factors are involved in achieving 
a successful outcome when performing TKA, adequate 
knee balancing and alignment are considered among the 
most significant factors involved.3,11–15 The purpose of 
this study was to assess the effect of the extent of soft 
tissue releases and bony adjustments required to achieve 

a balanced TKA on the change in coronal alignment 
between the pre-operative and post-operative radiographs. 
In addition, we aimed to assess whether these had an effect 
on the patient-reported outcomes and knee ROM at 1 year 
post-operatively. We found that the extent of soft tissue 
release and bony adjustment had no significant impact of 
the change in knee coronal alignment nor patient-reported 
outcomes.

Obtaining a well-balanced and aligned TKA has 
been shown to be associated with better post-operative 
outcomes in the current literature.3,11–15 These goals can 
be adequately achieved by performing adequate bony 

Figure 2 Post-operative alignment measurements on full-length radiographs. 
Notes: Copied with permission from Alzahrani, M.M., et al, Correlation of Short Knee Radiographs and Full-length Radiographs in Patients Undergoing Total Knee 
Arthroplasty. Journal of the American Academy of Orthopaedic Surgeons: June 1, 2019 - Volume 27 - Issue 11 - p e516–e521, DOI: 10.5435/JAAOS-D-18-00272.10 

Abbreviations: HKA, hip-knee-ankle angle; FTA, femoral-tibial axis; CH, condylar hip angle; MPTA, medial proximal tibial angle; CPA, condylar plateau angle.
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resections and soft tissue releases to gain a balanced 
TKA.16–18 While the standard of care remains gaining 
symmetrical gaps in both flexion and extension, there is 

no consensus in the current literature on the most ideal 
technique to achieve this intra-operative goal.19,20 In 
some instances, a minimal release is all that is required 
to achieve a balanced TKA, while in cases of more 
severe knee osteoarthritis or with extensive deformity 
an extensive release is frequently required. In our cur-
rent cohort, the sequence of soft tissue release and bony 
adjustments were according to the steps followed at our 
center.

Improvements in patient-reported outcomes and ROM 
after TKA have been extensively studied and reported in 
the literature.21–27 The vast majority of the published 
studies have shown improved PROMs irrespective of 
the extent of the soft tissue release required to achieve 
a balanced TKA.28,29 These improvements were also 
evident in our cohort, which also showed improved 
patient-reported outcomes post-operatively. Interestingly, 
there was no significant difference post-operatively 
between the release groups as patients who required an 
extensive release had as good outcomes as patient who 
required minimal release to achieve an adequately 
balanced knee. This may be attributed to the fact that 
the majority of the patient achieved a balanced TKA post- 
operatively regardless of the extent of the required release 
and thus a type of ceiling effect in the PROMs was 
observed when the patient achieved the expected good 
outcome.

Table 5 Medians and p-values of Pre-Operative to Post-Operative Change in Alignment

Grade Pre-Operative 
HKA

Change 
HKA

Change 
FTA

Change 
CH

Change 
MPTA

Change 
CPA

Minimal Release Group Median 8.85 −5.55 0.25 −1.30 −3.75 3.15

Moderate Release Group Median 8.0 −4.55 0.35 −1.70 −3.50 3.45
Extensive Release Group Median 10.6 −5.40 −2.55 −2.35 −3.80 5.45

p-value 0.365 0.209 0.145 0.360 0.785 0.072

Abbreviations: HKA, hip-knee-ankle angle; FTA, femoral-tibial axis; CH, condylar hip angle; MPTA, medial proximal tibial angle; CPA, condylar plateau angle.

Table 2 Gender Distribution Between Release Groups

Grade Gender

Female Male

Minimal Release Group Count 38 28
% 57.6% 42.4%

Moderate Release Group Count 43 27
% 61.4% 38.6%

Extensive Release Group Count 12 6
% 66.7% 33.3%

p-value 0.761

Table 3 Means and p-values for Age and BMI Among Release 
Groups

Grade Age BMI

Minimal Release Group Mean (± SD) 70.2 (± 8.9) 34.0 (± 7.1)

Moderate Release Group Mean (± SD) 67.4 (± 8.6) 35.3 (± 7.4)

Extensive Release Group Mean (± SD) 71.8 (± 8.9) 32.0 (± 3.5)

p-value 0.09 0.235

Table 4 Mean Degree and Standard Deviations of Measured Angles 
Between Pre-Operative and Post-Operative Full-Length Radiographs

Angle Pre- 
Operative

Post- 
Operative

Pre- to Post- 
Operative Change

HKA (SD) 8.8° (4.4°) 3.9° (2.8°) 5.31° (3.5°)

FTA (SD) 4.1° (3.3°) 3.6° (2.5°) 3.31° (2.7°)

CH (SD) 90.3° (2.4°) 88.6° (2.3°) 2.40° (1.9°)
MPTA (SD) 85.1° (3.3°) 88.7° (2.2°) 4.05° (2.7°)

CPA (SD) 4.4° (2.1°) 0.7° (0.5°) 3.64° (2.1°)

Abbreviations: HKA, hip-knee-ankle angle; FTA, femoral-tibial axis; CH, condylar 
hip angle; MPTA, medial proximal tibial angle; CPA, condylar plateau angle; SD, 
standard deviation.

Table 6 Medians and p-values of Pre-Operative and 1 Year Post- 
Operative Knee Society Scores

Grade KS 
Pre-Operative

KS 1 Year 
Post-Operative

Minimal Release Median 95 183

Moderate Release Median 89 190
Severe Release Median 94 187

p value 0.827 0.218

Abbreviation: KS, Knee Society Score.
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Our current study has shown that although there was 
a change in alignment between pre-operative and post- 
operative measurements, there was no association between 
the change in coronal alignment of a TKA and the degree of 
release (Table 5). This likely represents the fact that a balanced 
TKA is dynamic and not dependent on a single radiographic 
measurement, as the pre-operative alignment of an arthritic 
knee does not give an accurate representation of the bony 
pathology nor the dynamic soft tissue effect. Therefore, assess-
ment of TKA balancing is more of a live feedback from the 
physical examination of the knee both intra-operatively and 
post-operatively and not by a static radiographic assessment.

The current study has a few limitations; the inter- and intra- 
observer reliability of the pre- and post-operative radiographic 
measurements was not reported, but there is strong evidence in 
the literature on the reliability of these parameters.30,31 Also, 
the rotational profile between the pre- and post-operative 
measurements may have an effect on the measured values; 
however, this limitation was minimized by performing all 
radiographs by a standardized protocol at a single institution. 
In addition, four surgeons performed the surgical procedures 
which may introduce another independent variable, but the 
sequence of intra-operative release is similar between all the 
surgeons at our institute. Another limitation is the relatively 
small sample size but extensive releases are very uncommon 
clinical entity in TKA; therefore, it is difficult to include 
a sample that is equivalent to the larger numbers of cohorts 
of common clinical entities. Another limitation is that the 
degree and severity of arthritis was not quantified pre- 
operatively on the included patients. It is well known that the 
degree of the required soft tissue release to balance the knee 
intra-operatively can be affected by the amount of pre- 
operative arthritis and associated deformity.

Conclusion
The change in coronal alignment between the pre-operative 
and post-operative measurements in patients undergoing 
TKA was not associated with the degree of soft tissue 

releases and bony adjustments required to gain a balanced 
knee. We believe that this is most likely attributed to that the 
assessment of a balanced TKA is a dynamic one and cannot 
be quantified according to alignment changes on full-length 
knee radiographs. In addition, we have shown that although 
there was no difference in the PROMs between the groups 
both pre- and post-operatively, all the groups had improved 
PROMs after the replacement surgery.

Ethics Statement
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Research Ethics Board. Patient informed consent was 
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Table 7 Means±SD and p-values of Pre-Operative and 1 Year Post-Operative WOMAC and SF-12 Scores

Grade SF12 MCS 
Pre-Operative

SF12 MCS 1 Year 
Post-Operative

WOMAC 
Pre-Operative

WOMAC 1 Year 
Post-Operative

Minimal Release Mean ±SD 54.55 ± 9.68 54.52 ± 9.09 47.77 ± 16.51 74.49 ± 14.67

Moderate Release Mean ±SD 52.90 ± 12.35 53.61 ± 9.34 45.07 ± 15.20 79.99 ± 16.16

Severe Release Mean ±SD 54.39 ± 12.89 52.85 ± 10.77 45.39 ± 15.64 77.16 ± 18.01

p value p 0.715 0.779 0.632 0.157
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