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Background: Many traditional methods are available to prevent unbalance of extension and flexion gap during total
knee arthroplasty (TKA), but there are no reports on the use of measurement and positioning method before tibial
osteotomy with self-made tools. We designed a self-made tool measuring the location before tibial osteotomy and

Methods: The retrospective study included patients who received TKA at our hospital, between January 1, 2012 and
December 31, 2015. A new method, named as the measurement and localization before osteotomy with self-made
tools, was developed to measure the osteotomy position of the posterior femoral condyle during TKA. They were
divided into two groups, one that received the new method (Group 1), and the other that received the traditional
method as a control (Group | 1). HSS score, Oxford score, VAS score and knee joint activity were evaluated in two

Results: One hundred and eighty-seven of 210 eligible patients were included. The function of knee joint in all
patients was improved and the pain was obviously relieved. Significant differences were found in the HSS score,
Oxford score, VAS score, knee joint activity between two groups at 5-year follow-up (p <0.05).

Conclusions: The biomet knee prosthesis was selected for all intraoperative implants. All operations were completed
by the same senior surgeon. The use of self-made tools may contribute to improve the balance between flexion and
extension gaps as well as the balance between internal and external gaps during TKA, and overcome knee flexion
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Background

Total knee arthroplasty (TKA) is one of the most effec-
tive surgical treatments for pain relief and functional
recovery in patients with advanced degenerative osteo-
arthritis or rheumatoid arthritis [1-3]. Axial alignment
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of the lower limb correction is a key step during TKA,
which can increase patient satisfaction and prolong the
use of the prosthesis. With the aging population and the
prevalence of obesity, the number of patients receiv-
ing TKA has increased rapidly in the past two decades,
and TKA has now become one of the most common and
costly medical procedures in the USA and Canada [4, 5].
Although the studies reports that the survivorship and
surgeon-based measures rates after TKA is as high as
80% [6], these measures do not account for limb align-
ment following TKA such that chronic pain for poor
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limb alignment remains a major health burden for many
patients.

A good axial alignment of the lower limb can make
patients get closer to the normal way of the knee joint
movement, avoiding early failure caused by uneven load-
ing of the prosthesis and bone cement and keeping the
function of the knee joint [7-9]. The trajectories of patel-
lofemoral joint and knee joint stability will be affected
when the femoral or tibial prosthesis is not suitable for
rotational insertion [7]. It can lead to complications such
as anterior knee pain, abnormal gait and loosening of the
prosthesis.

Here we introduced a new method which measured the
osteotomy location during TKA and achieved satisfac-
tory imaging effect and clinical results.

Methods

Study cohort

We retrospectively reviewed the medical records of
patients who underwent TKA by given a new measuring
method of osteotomy from January 1, 2012 to December
31, 2015. Patients were included in the analysis if they
met the following criteria: (1) identified preoperative
diagnosis of osteoarthritis; (2) performed preoperational
assessment manually by the orthopedist, such as the
varus deformity Angle<15° (3) had follow-up of more
than 5 years. Patients who underwent TKA for other dis-
eases of the knee joint were excluded. The characteristics
of the patients are listed in Table 1.

The patients in the study were divided into two groups,
one that received the new method (Group I), and the
other that received the traditional method as a control
(Group II). Preoperative examinations (hematology and
imaging tests) were should be completed and surgical
contraindications were ruled out.

The study was approved by the local Clinical Research
Ethics Committees (NO.***), and written informed con-
sent was waived due to the retrospective nature of the
study.

Surgical procedure

The patient in Group I was in a supine position. After the
successful implementation of subarachnoid anesthesia
or combined epidural anesthesia, a parapatellar medial
approach was used to dissect and expose the distal
femur, and the femoral bone marrow cavity was drilled
with bone bur. By an appropriate eversion angle con-
trol module, fixing the distal femoral osteotomy module
with a fixed needle, and confirming the osteotomy posi-
tion with the osteotomy measurement device, the distal
femoral osteotomy was performed. An assembled tibial
extramedullary positioning device was installed on the
lower leg to determine the vertical force line, rotation
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Table 1 Patients characteristics

Group | (n=43) Group Il (n=48) Pvalue
Age?, years 624442 613+48 0.183"
Sex
Male 22 23 0461%
Female 21 25
Affected side
Right 25 29 0497+
Left 18 19
Body Mass Index?, 230+138 225417 0.306"
kg/m?
Follow-up period?, 363+£58 37.1£69 0.565"
months
Interval between 37430 39429 0.756"

morbidity and surgery®,
years

@The values are given as the mean and the standard deviation
* Student t-test; p < 0.05 demonstrates significance
* Fisher exact test; p <0.05 demonstrates significance

force line and the backward tilt angle of the positioning
rod; the tibial osteotomy module was fixed on the tibia
with a fixing needle (following the natural tibial bow),
and the proximal tibial osteotomy was performed after
being reconfirmed by a bone plane measuring device.

The extension gap of the affected knee joint was meas-
ured intraoperatively, and the measured value was
recorded as A (mm). Attaching a femur size gauge to the
distal femur osteotomy section, and the posterior two
wings hook the posterior medial and lateral condyle of
the femur (rotation angle is 3° by default). Moving the
measuring hook on the device to the highest point of the
anterior cortex of the femur, the size of the anterior and
posterior osteotomy module was determined accord-
ing to the measured value; and the appropriate four-in-
one osteotomy plate was used (the osteotomy line of
the posterior femoral condyle is basically parallel to the
lower edge of the osteotomy plate). The measured value
between the lower edge of the osteotomy plate and the
osteotomy line of the posterior femoral condyle was
recorded as B (mm). A self-made osteotomy module
(Fig. 1, red arrow) with thickness of C (mm) was placed
at the flexion position of the affected knee at about 90°,
so that the lower edge osteotomy line was parallel to the
plane of the osteotomy module, resulting in A=B+C,
and its extension and flex gaps were balanced.

Notes The extension gap A was used as the standard
value and measured at the 90°flexion position so that
the osteotomy line at the lower edge of the four-in-one
osteotomy plate was parallel to the tibial plane. When
the gap is unequal (that is, A<B+C or A>B+C), per-
former can adjust the module to move the knob up and
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achieved the balance of extension and flexion gap

Fig. 1 A-D New measurement of osteotomy location: self-made tools are used to adjust the flexion gap (red arrow). A Self-made tools which
were measured for thickness. B Self-made tool was used intraoperatively. C The osteotomy location was measured intraoperatively. D The method

down to make A=B+C. When the adjustment range
exceeds 2 mm, orthopedist should consider readjusting
the distal femur osteotomy or replace the four-in-one
osteotomy module of the femur. Four osteotomy modules
with a thickness of 10—14 mm were designed. It was used
according to the specific situation during the operation.

Traditional measurement was used in the TKA opera-
tion in Group IL

Postoperative rehabilitation

After the surgery, all patients were required to per-
form ankle joint exercises, and the scope of motion was
encouraged within tolerable range. One day after the sur-
gery, isometric quadriceps, active ankle and straight-leg
raise exercises were commenced. Toe-touch weightbear-
ing was initiated immediately after the surgery, and par-
tial weightbearing was allowed at 4 days after the surgery
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for the next 4 weeks. At 12 weeks, the walking aid was
removed.

Statistical analysis

Primary and secondary end points were compared
between the two groups. The Student test or the Fisher
exact test was used to analyze continuous variables. Mul-
tiple comparisons were performed with repeated-meas-
ures analysis of variance (ANOVA). All computations
were performed with standard software (SPSS version
22.0 for Windows; IBM), with significance set at p <0.05.

Results

Patient characteristics

There were no significant differences between the treat-
ment groups in terms of demographic characteristics or
baseline outcome measures (Table 1).

Outcomes

We enrolled 210 patients in the trial. Ten patients died
after 2-year of follow-up, outpatient follow-up failed in
eight cases, and five case was amputated due to lower
limb tumor. Finally, a total of 187 patients met the study
criteria and were included in the analysis. After these
patients underwent TKA with this measurement method,
the knee joint function was improved and the pain was
significantly relieved. In addition, the knee joint deform-
ity was corrected. The postoperative imaging examina-
tion was satisfactory (Fig. 2). None of the 187 patients
had failed surgery. All patients obtained the balance of
extension and flexion gap and inner and outer gap after
operation without medium-term instability of bended
knee joint.
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The difference between the two groups in the amount
of intraoperative blood loss and tourniquet duration were
not statistically significant(p >0.05).The preoperative
HSS score, Oxford score and VAS score, knee joint activ-
ity also demonstrated no statistical differences among
the groups before the operation (p>0.05). The mean
postoperative after 5 years of HSS scores were 86.7 and
74.5 in group I and group II, respectively, and the differ-
ence among the groups showed statistical significance
(p=0.000); The mean of oxford scores after 5 years were
19.4 and 21.9 in group I and group II , respectively, and
the difference among the groups showed statistical signif-
icance (p=0.000); The mean of VAS scores after 5 years
were 2.6 and 3.8 in group I and group II, respectively,
and the difference among the groups showed statistical
significance (p=0.000). The mean of knee joint activi-
ties after 5 years were 91.9 and 88.8 in group I and group
II, respectively, and the difference among the groups
showed statistical significance (Table 2).

Discussion

Obtaining satisfactory stability in the coronal plane is
critical for the long-term success of TKA and requires
precise rotational alignment of the femoral component.
Malrotation of the femoral component has been associ-
ated with numerous undesirable conditions including
patellofemoral and tibiofemoral instability, arthrofibrosis,
knee pain, and disturbed knee kinematics [8—10]. Many
utilize a measured resection technique to search correct
femoral component rotation and subsequent coronal
plane stability. There are two methods for osteotomy of
posterior femoral condyle in flexion gap during total knee
arthroplasty: gap balance and osteotomy measurement

Fig. 2 A, B X-ray findings before and after surgery. A Preoperative X—ray showed the knee osteoarthritis. B Positive X-ray (B1) and lateral X-ray (B2)
examination at 1 day after operation showed the image performance after knee replacement
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[11]. The measurement of osteotomy is usually taken
by osteotomy of the posterior femoral condyle based
on 3°external rotation on the coronal plane of the dis-
tal femur (Fig. 3), but there is a large individual differ-
ence in the rotation angle [12-14]. In the measurement
of osteotomy, there are also osteotomy methods marked
by intraoperative surgical touch of the femoral epicon-
dylar axis. However, not a few literatures reported that
the internal epicondylar groove can only be identified in
some patients, and the occurrence rate of patients with
severe osteoarthritis is less, and the accuracy of intraop-
erative positioning of the transfemoral epicondylar axis
is poor. As a result, the accuracy of intraoperative oste-
otomy mostly depends on the experience of the operator
[15]. Intraoperatively, it is often the case that accurate
distal femur osteotomy is difficult due to the formation
of an uneasily adjusted flexion gap. As our recommenda-
tion, this new osteotomy position measurement avoids
an imbalance of the flexion and extension by measuring
the accurate osteotomy gap at the distal femur.

Many studies [15-18] have reported the "osteotomy
gap measurement technique" used in TKA procedures.
It is generally believed in the orthopedic community
that TKA surgery should be aimed at obtaining the
same rectangular gap in knee flexion and extension, and
achieving soft tissue balance before osteotomy is the
optimized choice for the best surgical results. However,
traditional operation techniques rely on soft tissue bal-
ance to achieve gap balance after osteotomy. During the
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operation, the osteotomy is completed by referring to
the anatomical landmarks; once the gap is found to be
unbalanced, the soft tissue release is continued, that is,
first osteotomy and then release. Since the loosening of
soft tissue increases the flexion gap and the extension gap
by different amounts, it is difficult to achieve an accurate
balance between the flexion gap and the extension gap at
the same time. It is based on this that we introduced and
used the self-made measurement module to accurately
measure the flexion—extension gap before osteotomy in
TKA procedures. The advantage of the new measure-
ment of osteotomy location was the ability to measure
the flexion gap before osteotomy of the distal femur, and
the amount of osteotomy was determined according to
the individual differences of patients during TKA.

The gap balance technique strictly complies with the
flexion and extension gap balance standard, and maxi-
mally meets the requirements of the vertical osteotomy
surface of the distal femur and the lower limb align-
ment. In patients with relatively mild knee joint disease,
both the measurement osteotomy technique and the
gap balance technique can achieve satisfactory clini-
cal results. However, for patients with severe knee joint
disease and dysplasia, the commonly used anatomical
landmarks are often difficult to identify, there are many
hyperostotic osteophytes, and ligament degeneration or
variation exists. Simply using the measurement osteot-
omy technique may cause osteotomy positioning errors.
However, gap balancing techniques have the potential to

Fig. 3 A, B Osteotomy of posterior femoral condyle in total knee arthroplasty. A Gap balancing technique: with tibial plateau as the benchmark,
the "buckling gap" of the rectangle was truncated by gravity, distraction and other methods. B Measuring osteotomy technique: posterior femoral
condyle osteotomy was performed perpendicular to the AP axis or at a 3° Angle with the connecting line of the posterior femoral condyle
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improve surgical precision and reduce unnecessary sur-
gical trauma. Gap balancing techniques give priority to
flexion—extension gap balancing. In patients with com-
plex deformity of knee osteoarthritis, if the osteophyte
is not properly handled and the ligament contractures or
laxity, the femoral osteotomy is directly performed, and
it is easy to have too much or too little osteotomy of the
posterior femoral condyle. If the proximal tibia is varus
or valgus osteotomy, the medial flexion gap will become
larger or smaller, resulting in too little or too much fem-
oral posteromedial osteotomy, which further leads to
abnormal rotation of the femoral component. Better flex-
ion gap and femoral prosthesis rotational alignment can
be obtained by using gap balance technology, which not
only reduces unnecessary soft tissue dissociation, but also
shortens soft tissue trauma and operation time, which is
beneficial to the recovery of knee joint function. Cristian
Aletto et al. [19] investigated the functional outcomes of
computer navigated total knee arthroplasty in a series
of 180 patients (200 knees), reporting that computer-
assisted TKA allows reproducible alignment and kin-
ematics, reducing outliers, provides ligament balancing
and ensures good short-term outcomes. Stefano Marco
Paolo Rossi et al. [20].used the tensor as an extramedul-
lary cutting guide for the distal femoral cut based on a
90° tibial resection, demonstrated satisfactory encourag-
ing clinical outcomes at mid-term follow-up leaving a
residual deformity on the coronal plane. Benazzo et al.
[21]. used a new design with a progressive increased keel
medialization according to the size was implanted and
followed up for seven years, demonstrated an excellent
outcome of this design.

We believe that the poor rotation axis of prosthesis by
osteotomy is related to the individual difference of pos-
terior condyle angle in the population. Therefore, the
rotation angle of the osteotomy plate should take into
account the individual differences of the femur. During
TKA, equal rectangular space should be obtained when
the knee joint is extended and flexed. Release the medial
ligament in patients with varus and release the lateral
ligament in patients with ectropion. The goal is to obtain
the same rectangular gap regardless of the osteotomy
method. The new technique uses the self-made gap gas-
ket to measure the flexion gap before osteotomy of femur,
so that the imbalance of postoperative space was avoided.
The orthopedist can adjust the position of the osteotomy
plate to improve the balance of extension and flexion gap
according to the gap measured by the self-made gasket.
However, this trial is a single-center retrospective study,
lacks imaging assessment data, and is difficult to discuss
further, such as the lack of analysis of femoral angle, tib-
ial angle, knee valgus angle, femoral prosthesis flexion
angle and joint space separation variables. A multicenter,
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prospective, multi-angle and dynamic study is needed
to further improve the application value of imaging
assessment in the guidance of total knee arthroplasty
osteotomy.

Abbreviation
TKA: Total knee arthroplasty.

Acknowledgements
Not applicable.

Authors contributions
All authors read and approved the final manuscript.

Funding
No funding was received for this work.

Availability of data and materials
The datasets used and analyzed during the present study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopaedics, Cangzhou Clinical College of Integrated
Traditional Chinese and Western Medicine of Hebei Medical University, Qian
Tong North Street No. 17, Cangzhou City 061000, Hebei Province, China.
Department of Oncology Surgery, Cangzhou Clinical College of Integrated
Traditional Chinese and Western Medicine of Hebei Medical University, Cang-
zhou 061000, China.

Received: 6 December 2021 Accepted: 29 March 2022
Published online: 07 April 2022

References

1. Dennis DA, Komistek RD, Kim RH, Sharma A. Gap balancing versus meas-
ured resection technique for total knee arthroplasty. Clin Orthop Relat
Res. 2010,468:102-7.

2. Dennis DA. Measured resection: an outdated technique in total knee
arthroplasty. Orthopedics. 2008;31(940):43-4.

3. Blakeney W, Beaulieu Y, Puliero B, Kiss MO, Vendittoli PA. Bone resection
for mechanically aligned total knee arthroplasty creates frequent gap
modifications and imbalances. Knee Surg Sports Traumatol Arthrosc.
2020;28:1532-41.

4. Dahl A, Robertsson O. Similar outcome for total knee arthroplasty after
previous high tibial osteotomy and for total knee arthroplasty as the first
measure. Acta Orthop. 2016;87:395-400.

5. Hommel H, Kunze D, Hommel P, Fennema P. Small improvements in
postoperative outcome with gap balancing technique compared
with measured resection in total knee arthroplasty. Open Orthop J.
2017;11:1236-44.

6. Koskinen E, Eskelinen A, Paavolainen P, Pulkkinen P, Remes V. Comparison
of survival and cost-effectiveness between unicondylar arthroplasty and
total knee arthroplasty in patients with primary osteoarthritis: a follow-up
study of 50,493 knee replacements from the Finnish Arthroplasty Regis-
ter. Acta Orthop. 2008;79:499-507.



Xuequan et al. Journal of Orthopaedic Surgery and Research

20.

21

(2022) 17:209

Akizuki S, Horiuchi H. Measured (anatomical reference) resection
technique for cruciate-retaining total knee arthroplasty. In: Matsuda S,
Lustig S, Van Der Merwe W, editors. Soft tissue balancing in total knee
arthroplasty. Berlin: Springer; 2017. p. 49-57.

Wood AR, Rabbani TA, Sheffer B, Wagner RA, Sanchez HB. Protecting

the PCL during total knee arthroplasty using a bone island technique. J
Arthroplasty. 2018;33:102-6.

Kobayashi H, Akamatsu Y, Kumagai K, Kusayama Y, Ishigatsubo R, Mura-
matsu S, Saito T. The surgical epicondylar axis is a consistent reference

of the distal femur in the coronal and axial planes. Knee Surg Sports
Traumatol Arthrosc. 2014;22:2947-53.

Verlinden C, Uvin P, Labey L, Luyckx JP, Bellemans J, Vandenneucker H. The
influence of malrotation of the femoral component in total knee replace-
ment on the mechanics of patellofemoral contact during gait: an in vitro
biomechanical study. J Bone Joint Surg Br. 2010,92:737-42.

. Lee JK, Lee S, Chun SH, Kim KT, Lee MC. Rotational alignment of femoral

component with different methods in total knee arthroplasty: a rand-
omized, controlled trial. BMC Musculoskelet Disord. 2017;18:1-7.

Mullaji AB, Shetty GM. Deformity correction in total knee arthroplasty.
New York: Springer; 2014.

Ha CW, Park YB, Lee CH, Awe SI, Park YG. Selective medial release tech-
nique using the pie-crusting method for medial tightness during primary
total knee arthroplasty. J Arthroplasty. 2016;31:1005-10.

Sharma G, Liu D, Malhotra R, Zhou YX, Akagi M, Kim T. Availability of
additional mediolateral implant option during total knee arthroplasty
improves femoral component fit across ethnicities: results of a multi-
center study. JBJS Open Access. 2017;2:¢0014.

Mullaji AB, Shetty GM. Surgical technique: computer-assisted sliding
medial condylar osteotomy to achieve gap balance in varus knees during
TKA. Clin Orthop Relat Res. 2013;471:1484-91.

Wang Z, Cheng X, Zhang Y, Zhang X, Zhou Y. Restoration of constitu-
tional alignment in TKA with a novel osteotomy technique. J Knee Surg.
2020;33:190-9.

Quack VM, Kathrein S, Rath B, Tingart M, Luring C. Computer-assisted
navigation in total knee arthroplasty: a review of literature. Biomed Tech
(Berl). 2012;57:269-75.

Yamamura K, Minoda Y, Mizokawa S, Ohta Y, Sugama R, Nakamura S, Uey-
ama H, Nakamura H. Novel alignment measurement technique for total
knee arthroplasty using patient specific instrumentation. Arch Orthop
Trauma Surg. 2017;137:401-7.

Aletto C, Zara A, Notarfrancesco D, Maffulli N. Computer assisted

total knee arthroplasty: 25 years follow-up of 200 cases. Surgeon.
2021;19:e394-401.

Rossi SMP, Ivone A, Ghiara M, Jannelli E, Sangaletti R, Perticarini L, Benazzo
F. Aligament tensor-guided extramedullary alignment technique for
distal femoral cut in total knee replacement: results at a minimum 3 years
follow-up. Arch Orthop Trauma Surg. 2021;141:2295-302.

Benazzo F, Jannelli E, lvone A, Formagnana M, Rossi SM, Ghiara M,
Danesino G, Mosconi M. Knee arthroplasty system with medialized keel:
Seven-year follow-up of a pioneer cohort. Knee. 2020;27:624-32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Measurement for gap balancing technique in patients undergoing total knee arthroplasty: a large retrospective observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study cohort
	Surgical procedure
	Postoperative rehabilitation
	Statistical analysis

	Results
	Patient characteristics
	Outcomes

	Discussion
	Acknowledgements
	References


