
Page 1/18

Is There an Advantage with Measured Resection for
Femoral Rotation Resection in TKA? A Randomized
Controlled Trial
Ye Zhang 

a�liated hospital of xuzhou medical university
Jian-Ning Sun 

a�liated hospital of xuzhou medical university
Lun An 

Xuzhou Medical University
Yu Zhang 

a�liated hospital of xuzhou medical university
Xiang-Yang Chen  (  xzchenxiangyang@163.com )

A�liated Hospital of Xuzhou Medical University https://orcid.org/0000-0001-7376-6179
Shuo Feng  (  xzfs0561@163.com )

a�liated hospital of xuzhou medical university

Research article

Keywords: Total knee arthroplasty, gap balance, gait analysis, eLIBRA sensor

Posted Date: December 19th, 2019

DOI: https://doi.org/10.21203/rs.2.19202/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.19202/v1
mailto:xzchenxiangyang@163.com
https://orcid.org/0000-0001-7376-6179
mailto:xzfs0561@163.com
https://doi.org/10.21203/rs.2.19202/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background

Total knee arthroplasty (TKA) is performed by gap balance (GB) and measured resection (MR) techniques
for femoral rotation resection to achieve knee �exion balance and knee stability. It is still controversial to
choose which technique is more advantageous. The purpose of this study was to compare the early
clinical e�cacy of GB and MR in TKA.

Methods

This study was a prospective randomized, double-blind controlled trial. From March 2018 to March 2019,
99 patients (99 knees) who underwent TKA at our institution were randomly treated with GB and MR. The
cutting thickness of posterior condyle, radiographic �ndings, medial and lateral compartment pressure,
gait analysis, and patients satisfaction were recorded.

Results

A total of 110 patients were enrolled for unilateral THA. Finally, 99 patients were included for analysis and
comparison at 12 months follow-up. In GB group, the angle of Cutting Block to PCA was signi�cantly
lower than in the MR group (P<0.001) and the cutting thickness of the medial and lateral condyle was
signi�cantly higher than in the MR group (P<0.05). Medial compartment pressure was signi�cantly higher
than lateral compartment at 90° �exion and full �exion in MR (P<0.05). In GB group, Sagittal max knee
�exion range and transversal knee rotation range was signi�cantly was signi�cantly larger than that in
the MR group (P<0.05). In level of satisfaction at the most recent follow-up, there was no signi�cant
difference between the two groups (p>0.05).

Conclusion

In TKA, GB or MR techniques for femoral external resection has little effect on daily walking. However, the
GB technique has advantages in early postoperative knee stability and knee �exion function
improvement.

Introduction
Total knee arthroplasty (TKA) is one of the effective methods to treat middle-stage and end-stage knee
arthritis[1]. According to reports, more than 600,000 people in the United States undergo TKA surgery
each year. However, the study shows that 19% of patients are not satis�ed with the outcome of TKA[2]. In
TKA, the precise placement of the prosthesis position has a great impact on the clinical effect[3, 4].
Therefore, it is a key step to obtain a symmetrically �exion and extension gap to match the prosthesis in
the success of TKA. Certainly, the femoral extorsion resection directly affects the �exion gap. Appropriate
rotation resection can obtain a good �exion gap, which is bene�cial to the functional recovery and obtain
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good contact pressure and patellofemoral joint motion[5, 6]. Asymmetric gaps and incorrect soft tissue
balance can lead to instability of knee, patellofemoral joint dysfunction, and anterior knee pain[7].

Gap balance (GB) resection and measurement resection (MR) are two techniques of femoral extorsion
resection in TKA surgery[8, 9]. MR technique was performed by the positioning of the Transepicondylar
Axes (TEA), Anterior posterior (AP), and Posterior Condylar Axes (PCA) to obtain the �exion gap[3, 10–12].
In the surgical operation, however, it is di�cult for the surgeon to accurately identify the bone markers.
Yau[13] found that 56%,72% and 60% of femoral rotation exceeded the normal range when resection was
performed using the TEA, PCA and AP, respectively. GB technique was proposed by Freeman and
Install[14–16]. Based on the balance of soft tissue and ligament tension, the distal femoral �exion and
extension resection are parallel to the tibial proximal platform. But GB technique may cause internal
rotation of a part of the patients’ prosthesis and poor patellofemoral joint motion. Therefore, there is still
controversy about which surgical technique is used to achieve optimal gap balance.

Whether GB or MR technique, the primary goal is to ensure the stability of the knee prosthesis and good
function. Previous studies have compared the two techniques in terms of knee stability, radiographic
�ndings and patient satisfaction[17–19], but the results are still controversial. Moreover, most studies
only use subjective indexes such as patient satisfaction, pain score or functional score, and cannot fully
evaluate the knee joint performance in daily life. Few studies have used objective gait analysis (Vicon
MX) to compare postoperative knee function in two techniques[20, 21]. Therefore, we designed a
prospective, double-blind, randomized controlled study comparing these two techniques. Through
postoperative gait analysis, intraoperative resection and pressure index, postoperative radiographic
�ndings, and subjective satisfaction of patients, the clinical effect was evaluated in two techniques. We
hypothesized that GB technique has advantages in early postoperative knee stability and knee �exion
function improvement.

2.methods
2.1 Study design and participants This study was a prospective randomized, double-blind controlled trial
and was organized by Department of Orthopedic Surgery in our institution from March 2018 to March
2019. This study was in compliance with the medical institution regulations and conforms to the ethical
standards of the national research council and the Helsinki declaration of 1964. This study was approved
by our institutional review board (XYFY2018-JS004-01). Informed consent was obtained from all
patients. CONSORT Flow Diagram is provided in Fig 1.

Inclusion criteria: (1) The patient was diagnosed osteoarthritis of the knee, with poor conservative
treatment effect for 6 months. Suitable for TKA, (2) primary unilateral TKA.

Exclusion criteria: (1) Revision total knee arthroplasty, (2) Knee valgus deformity (3) Severe knee varus
deformity >15° or bone defect, (4) Osteoarthritis involving other joints of the lower extremities and
affecting patient functional activity, (5) Knee joint infection or suspected infection, (6) Patients with
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traumatic arthritis. In addition, patients with a history of cardiac disease, deep vein thrombosis, or surgery
of the knee joint were excluded.

2.2 Randomization and masking

Basing on the above selection and exclusion criteria, we prospectively investigated the clinical data of
110 patients who received primary TKA from March 2018 to March 2019. Krishna[20, 22] et al. assessed
the clinical effect following GB and MR technique for TKA. Based on their results and considering the
potential loss to follow-up of 10%, a total of 110 patients were needed. A computerized randomization list
was created by a statistician in a random order using a concealed block size of four. The list was used to
randomly assign knees to either the GB or MR group. Allocations were sealed in consecutively numbered
opaque envelopes. Once the patient agrees to be included in the trial, the next sealed envelope is opened
by an independent investigator to randomly assign a resection technique. Patients and clinical data
collector were blinded to the group assignment. The data center based at the Department of Orthopedic
Surgery was responsible for treatment allocation, central monitoring, and statistical analyses.

2.3 Gait analysis

The British 10-Camera Vicon 3D Motion Capture System was used to analyze the postoperative gait of
patients (�g 2). Then Polygon Software was used to analyze the temporospatial and kinematics
parameters of the gait cycle. Patients wore tights and marked the lower body with a re�ective markers. By
Capturing the position of the re�ective markers at static state, calculation of the alignment of the knee in
Sagittal, Coronal and transversal plane was optimized. Patients should walk barefoot on platform at a
self-determined walking speed during 10 captured dynamic trials. Kinematic data was collected by
Capture System. Our primary goals were temporospatial and kinematic parameters of the sagittal,
conormal and transversal plane. degrees of knee joint movement during swing phase were calculated in
the three planes. Knee rotation angle was de�ned between the plane formed by the femoral re�ective
markers and the plane formed by the tibia re�ective markers in transversal plane (Fig 2). Direction of
rotation (positive internal vs. negative external rotation) depended on the position of the moving element
compared to the �xed element. At the end of the trials, Polygon Software was used to analyze the
temporospatial and kinematics parameters of the gait cycle.

2.4 Procedures

All patients received general anesthesia in the supine position. Pneumatic tourniquets were used in the
surgery. Routine disinfection was performed and towels were applied. Intraoperative femoral extorsion
resection was performed by GP and MR techniques, and the distal femur and proximal tibia resection
were performed using the same technique. Both groups used the same prosthesis (Zimmer, Posterior
stabilized Prosthesis, PS). The incision was closed and drainage was placed When the knee was bent at
45°. The surgical procedures were performed by the Senior surgeon (X.Y.C). Before this study, Dr. C had
independently completed hundreds of TKA with GP and MR techniques, and had extensive clinical
experience.
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MR: After the distal femur and proximal tibia resection, the knee joint was �exed 90 degrees and femoral
external rotation positioning system was selected for external rotation resection. Use the femoral size
measurer to determine the femoral prosthesis model, refer to the Posterior Condylar axis (PCA), and select
the external rotation angle (usually 3° external rotation) to determine the osteotomy surface. The femoral
size measuring device was used to determine the femoral prosthesis size, and the external rotation angle
(3° external rotation) was selected according to PCA to determine the cut thickness. We used the 4-in-1
cutting block localization to perform osteotomy of the anterior condyle, posterior condyle, and
intercondylar fossa. A spacer block was placed into the extension gap to con�rm it was large enough to
accommodate the prosthesis. If the extension gap is unbalanced, the AP and TEA will be used to adjust
the external rotation angle for resection or soft tissue release to achieve gap balance.

GB: After completing the distal femur and proximal tibia resection, the assistant lifts the knee to maintain
a �exion of 90° and naturally drooped. The medial and lateral compartments were opened with a lamina
spreader, and the femoral posterior condyle resection line was marked according to the knee extension
gap, parallel to the tibial osteotomy platform. The 4-in-1 cutting block localization was placed according
to the marked line, and the femoral resection was performed after con�rmation. We evaluated the
extension and �exion gaps using a rectangular module and a pressure sensor. When the pressure
difference between the medial and lateral gaps exceeds 15 pounds, soft tissue release is performed.

Intraoperative resection measurement: the angle of cutting block to PCA was measured. After the external
rotation resection was completed, the cutting thickness of the medial and lateral condyle (CTMC, CTLC)
was measured with Vernier Caliper. Measurements were recorded by independent researcher.

Medial and lateral pressure measurement: pressure measurement was performed using a pressure senor
(eLIBRA Dynamic Knee Balancing System, Zimmer) after placing the distal femoral prosthesis mold. After
patella reduction, full extension, 45°, 90° and full �exion of the knee joint during passive movement were
recorded. The measurements were recorded and converted into pounds (1 unit =3.37 pounds) by an
independent researcher.

Radiographic evaluation: Record the following index preoperative mechanical femorotibial Angle (Pre-
mFTA), Post preoperative mechanical femorotibial Angle (Post-mFTA), joint line changes and femoral
component rotation Angle (FCRA). FCRA was de�ned between surgical TEA and posterior condylar line of
prosthesis. Measurements were recorded by independent researcher.

2.5 Post-operative treatment

All patients used the same nutritional interventions, pain management, antibiotics, thromboprophylaxis,
and the same care and rehabilitation exercise regimen. The quadriceps isometric contraction and knee
�exion exercise were performed after surgery. The drainage tube was removed 24 hours after surgery.
Regular dressing changes are performed by the same surgeon (Y.Z). After extubating, the patients were
instructed to exercise with the Continues Passive Motion (CPM) machine, and the patients were informed
of the relevant precautions after surgery. All patients underwent subcutaneous injection of low molecular
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weight heparin (4100 IU/d) on postoperative �rst day in accordance with the Guidelines for Prevention of
Venous Thromboembolism in Major Orthopedic Surgery. Oral rivaroxaban (5 mg/d) was continued after
discharge to prevent deep vein thrombosis of the lower extremities. The shortest time for anticoagulation
is �ve weeks. Postoperatively, all patients received oral drugs (etoxib, 60 mg/d) and ice compress (2
times/d). The suture was removed about 14 days after surgery. X-ray examination of the knee was
performed after surgery. The patients underwent routine color Doppler ultrasonography of the lower
extremities on postoperative 7th day. X-ray examination of lower extremity and Western Ontario and
McMaster University Osteoarthritis Index (WOMAC) was performed before and after surgery. CT
examination was performed on postoperative 3rd day. Gait analysis was performed on postoperative 12
months.

2.6 Statistical analysis

Data were processed with SPSS 23.0 statistical software and expressed as mean values ± standard
deviation (x±s). The categorical variables were compared with a chi-square or Fisher’s exact tests, and
continuous variables were compared with a Student’s t-tests. Data among groups were compared with
paired t tests. The test level α value is 0.05 on both sides. The difference was statistically signi�cant at P
< 0.05.

3. Results
A total of 110 patients (110 TKAs) enrolled in the study received unilateral THA, and eligible patients will
be included in the analysis. Three patients withdrew from the study. Three patients had incorrect
resection technique. The data of �ve patients were lost. This condition resulted in 99 knees in 99 patients
for analysis at 12 months follow-up (Fig 1). The surgeon (X.Y.C) completed all operations. There were 19
males and 31 females aged 55.9±16.5years on GB group. 19 males and 30 females aged 54.2±18.7 on
MR group. There was no signi�cant difference between the above data and other baseline data (P>0.05,
Table 1). Due to the complexity of gait analysis procedures and patients' own willingness, only 83 cases
of gait data could be used for analysis (GB: 39 cases, MR: 44 cases, Table 3). Three patients developed
super�cial infection at the incision and recovered after regular dressing change. The remaining patients
incision healed well.

In GB group, the angle of Cutting Block to PCA was statistically lower than in the MR group (1.5±2.6mm
compared with 3.1± 0.5mm P<0.001). And CTMC and CTLC was higher than in the MR group (9.8±2.0
compared with 8.5±1.2;7.9±1.8 compared with 6.8±1.4, P=0.001, P=0.002, Table 1, Fig 3).

In pressure measurement, medial compartment pressure was signi�cantly higher than lateral
compartment at 90° �exion and full �exion in MR group (10.9±7.1 compared with 7.7±5.3, 9.0±5.2
compared with 7.1±4.7, P<0.05, Table 2). In GB group, there was no statistically signi�cant difference in
the medial and lateral pressure. In the process of passive �exion, the medial and lateral compartment
pressure decreased with the increase of the degree of �exion. The pressure difference in GB group
decreased gradually, while the pressure difference in MR group did not change much (Fig 4).
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In gait analysis, Sagittal max knee �exion range was signi�cantly different between the two groups
(52.77±5.40 compared with 49.52±7.83, P<0.05, table 3). In the GB group, transversal knee rotation range
was signi�cantly larger than that in the MR group (3.60±2.51 compared with 2.47±2.52, P<0.05, Fig 5).

4.discussion
In posterior condyle resection, the cutting thickness in GB group was signi�cantly higher than that in MR
group, which obtained a rectangular gap. Therefore, in the gait analysis, the Sagittal knee �exion and the
Transversal knee rotation were signi�cantly higher than those of the MR group. Krishna’s study[22] are
similar to ours. However, some studies have shown that the thickness of posterior condyle in GB is lower
than MR[23]. In addition, the cutting thickness is related to the soft tissue release. The cutting thickness
of MR is less than GB, and soft tissue release is needed in the later stage. However, less soft tissue
release leads to less trauma, which not only helps to reduce postoperative pain, but also contributes to
rapid recovery of knee function and improves patients satisfaction [24-26]. Compared with GB technique,
in MR we routinely selected anatomical markers as references, and paid attention to the restoration of
anatomical morphology. However, in actual operation, it is di�cult to locate the bone markers[7, 10].
Kinzel [27] used TEA to control rotation in 74 cases of knee surgery. They found only 75% of knees would
have been within 3 degrees of the true TEA, and the error range was large (range -6° to 11°). Patients with
posterior condyle dysplasia, posterior condyle wear and intra-articular deformities may result in
inaccurate locating of bone markers. In contrast, GB technique does not rely on anatomical markers, but
the rectangular gap is obtained by tension or self-gravity.

In the pressure measurement, it can be found that the medial pressure between two groups is
signi�cantly higher than the lateral pressure in Fig 3. And the pressure has a decreasing trend as the
�exion range increased. Previous studies have shown that the knee joint is nearly stable when the
pressure difference of medial and lateral compartment is no more than 15 pounds[28, 29]. In this study,
the difference was basically within 6 pounds. The conclusions of Kyn et al. are similar to this study[22,
30]. Then Tokuhara[31] et al. measured the medial and lateral gaps of the normal knee by MRI technique
and it was found that gaps difference was as high as 4.6 mm when the �exion was 90°. This also
indirectly re�ects the pressure difference of the medial and lateral compartments. In addition, Nagai [32]
measured the medial and lateral gaps under different tension conditions in GB resection. As the tension
and �exion range increased, the medial and lateral gaps also increased but the gap difference did not
change much. The rectangular gap obtained and soft tissue balance by GB are better than MR.

Previous studies of gait analysis showed that walking speed and step length of patients with knee
osteoarthritis are signi�cantly reduced compared with normal people, and the single support time in the
whole gait cycle is signi�cantly longer. The above parameters of patients after TKA will be improved
compared with the preoperative parameters, but there is still a certain gap compared with normal gait[33-
35]. This study mainly compared the effects of GB and MR techniques on postoperative gait in TKA. Only
sagittal max knee �exion and transversal knee rotation were signi�cantly different between the two
techniques (Table 4). Maier's gait analysis of patients after TKA showed a decrease in sagittal max
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�exion during the swing phase. This conclusion is similar to this study[36]. Huang [37]evaluated the
effects of two techniques on the kneeling function after TKA. It showed that GB technique has certain
advantages in improving kneeling function, joint mobility and functional improvement after 2 years. One
reason may be that the Cut Thickness of posterior condyle in GB was signi�cantly higher than that in MR,
which could form a good rectangular �exion gap. So, the movement is closer to normal during �exion.

Our study had several limitations. First, this study only compared the two groups and did not compare
with the contralateral knee or the normal knee. In addition, due to the complexity of the gait analysis
process and the lack of time for postoperative patients, only 83 patients were available for analysis.
Those patients cannot serve as a random sample representative for the entire population of patients, but
there is no doubt that this study is also valuable. Second, range of motion was additionally limited by
patients pain which can lead to reduced or evading movements. These can affect the collection and
analysis of data. Third, the follow-up time of this study was only 12 months. It took longer time to follow
up the functional evaluation of the knee. Four, the majority of patients recruited in this study may be
different from other regions in knee anatomy[3, 6]. The demographic characteristics should be noted
before extrapolating to other populations.

5.conclusion
In TKA, the use of GB or MR techniques for femoral external resection has little effect on daily walking,
but the GB technique has advantages in early postoperative knee stability and knee �exion function
improvement.
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Table 1 Baseline patient demographics, intraoperative and radiologic outcome.
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  GB MR t or c P Value

Gender        

Male/Female 19/31 19/30 0.006 0.937

Age (Years) 55.9±16.5 54.2±18.7 0.484 0.630

BMI (kg/m ) 24.3±2.7 24.2±3.2 0.074 0.941

Diabetes 4(8%) 5(10.2%) 0.145 0.703

Renal insufficiency 1(2.0%) 2(4.1%) 0.365 0.546

Smoking 7(14.0%) 6(12.2%) 0.067 0.796

ASA II 40/III 10 II43/III6 1.098 0.295

Immune dysfunction 0 0 - -

CTMC (mm) 9.8±2.0 8.5±1.2 3.544 0.001

CTLC (mm) 7.9±1.8 6.8±1.4 3.222 0.002

Cutting Block to PCA 1.7±1.5 3.1±0.5 -8.406 0.000

Joint Line Change(mm) 2.5±3.1 2.0±2.7 0.862 0.391

Pre-mFTA (°) 8.19±5.0 7.3±4.3 1.047 0.298

Post-mFTA (°) 0.9±1.7 0.3±1.8 1.825 0.071

FCRA (°)      1.2±2.8 0.7±2.0 -0.906 0.361

WOMAC        

        Pre-operation 103.69±17.97109.06±13.50-1.678 0.097

        Postoperative 1 Month 51.15±7.43 48.72±6.31 1.745 0.084

     Postoperative 3 Months     37.00±7.6038.77±11.930-0.874 0.384

     Postoperative 12 Months 30.90±4.94 32.75±6.03 -1.775 0.097

level of satisfaction at 12 months after surgery    1.668 0.434

     Very satisfied 40 35    

     Satisfied 8 9    

     Dissatisfied 2 5    

BMI: Body Mass Index, ASA: American Society of Anesthesiologists,  Pre-mFTA: preoperative mechanical femorotibial
angle; Post-mFTA, postoperative mechanical femorotibial angle; FCRA, femoral component rotation angle; CTMC, Cut
Thickness of Medial Condyle; CTLC, Cut Thickness of Lateral Condyle.; PCA, Posterior Condylar axis.

 

Table 2 Comparison of pressure index for extension and flexion.
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    Medial compartment(pounds) Lateral compartment(pounds) t P Value

GB Full extension 18.5±4.4 17.9±3.5 0.813 0.420

45° 14.6±4.2 13.6±2.714 1.353 0.182

90°               11.3±5.1 10.6±4.7 0.645 0.522

Full Flexion 10.2±5.0 9.1±4.9 1.063 0.293

MR Full extension 17.5±5.1 15.9±4.9 1.594 0.117

45° 13.0±6.4 11.1±5.2 1.696 0.096

90° 11.4±7.1 8.7±5.2 2.772 0.008

Full Flexion 9.0±5.2 7.1±4.7 10.912 0.000

Less than differential loading of 15 pounds between the medial and lateral compartments, was considered as
adequately “balanced” according to previous studies.

 

Table 3 Comparison of gait analysis.

  GB MR t P Value

Spatiotemporal parameters        

Walking speed (m/s)      0.80±0.21 0.75±0.28 0.911 0.360

Step length (cm)     51.00±3.46 50.59±2.92 0.474 0.639

Single support time (%) 39.61±6.80 37.80±7.42 1.185 0.239

Kinematic parameters        

Flexion angle (°) 52.77±5.40 49.52±7.80 1.960 0.053

Extension angle (°) 1.83±2.24 2.10±2.38 -0.531 0.597

Sagittal max knee flexion (°) 52.77±5.40 49.52±7.83 2.717 0.033

Coronal max knee flexion (°) 10.16±2.67 10.67±2.50 -0.896 0.629

Transversal knee rotation (°) 3.60±2.51 2.47±2.52 2.077 0.041

 

Figures
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Figure 1

Flow diagram
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Figure 2

2a The Vicon 3D Motion Capture System (mainly including re�ective markers, 10 capture cameras, and
two 3D force stations). 2b Position of 26 re�ective markers: anterior superior iliac spine and posterior
superior iliac spine; Anterior and lateral thigh 1/3; The medial and lateral epicondyle of knee; Anterior and
lateral calves 1/3; medial and lateral malleolus; Second metatarsal bone; Heel, at the same height as the
second metatarsal bone.

Figure 3

Cutting thickness of medial and lateral compartment.
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Figure 4

Pressure changes of medial and lateral compartment.
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Figure 5

Sagittal knee �exion during gait cycle.


