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Abstract
Background: Various factors affect the improvement of range of motion (ROM) after total knee arthroplasty
(TKA). However, there are few reports specific to cruciate-sacrificing rotating platform (CSRP) TKA. In this
study, factors affecting postoperative ROM improvement of CSRP TKA were investigated.

Methods: The study included 79 patients with knee osteoarthritis who underwent unilateral CSRP TKA at our
institution. The group with an improvement of 5° or more (Δflexion angle) than the preoperative was defined
as the good Δflexion group (38 knees), and that with less than 5° was defined as the poor Δflexion group (41
knees). The assessments were performed one day before and one year after surgery. Factors including rest
and walking pain, knee flexion and extension angle, isometric knee extension strength, the five subscales of
Knee injury and Osteoarthritis Outcome Score (KOOS), α, β, γ and δ angles, femoro-tibial angle (FTA), and
condylar twist angle were assessed. Unpaired t-test, Mann-Whitney U test, and Chi-square test were used to
test differences between the good and poor Δflexion groups. Multiple logistic regression examined the
association between each factor and the dependent variables (good Δflexion or poor Δflexion).

Results: Significant differences in the preoperative knee flexion, postoperative knee flexion, preoperative
knee extension, and postoperative knee extension angles, postoperative KOOS pain and activity of daily
living, β, ɤ angles were observed between the good and poor Δflexion groups. The model Chi-squared test
revealed that the ɤ angle was significantly affected by the Δflexion angle.

Conclusions: With the CSRP TKA, flexion insertion of the femoral component was associated with
postoperative flexion ROM improvement.

Categories: Orthopedics
Keywords: adl (activities of daily living), knee alignment, proms, knee range of motion (rom), tka

Introduction
Various factors influence patient satisfaction after total knee arthroplasty (TKA) [1]. Among these factors, a
good postoperative flexion angle is an important factor that contributes to postoperative satisfaction [1].
Conversely, it has been reported that the factors affecting patient satisfaction after TKA surgery are not ROM
but the pain and function of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [2].
Postoperative satisfaction varies according to the postoperative flexion ROM obtained, which depends on
the optimal alignment (The α, β, γ, and δ angles, and femoro-tibial angle, FTA), ligament balance, and
component design.

It has been reported that there is a correlation between the preoperative flexion angle in posterior stabilized
(PS) and postoperative flexion angle in males [3] and that lateral laxity is an important factor in cruciate
retention [4]. In general, the cruciate-sacrificing rotating platform (CSRP) is considered to be
disadvantageous in terms of postoperative flexion range of motion compared to PS [5]. Previous reports have
shown that posterior condylar offset (PCO) is important for obtaining a larger postoperative flexion angle in
CSRP and for the stability of the femorotibial joint [6].

With regard to Attune CSRPTM (DePuy Synthes, Warsaw, IN), which has a GRADIUS curve design on the
femur side to ensure stability in the mid-flexion position, there have been no previous reports investigating
the factors on the ROM improvement.

The aim of this study was to determine which factors affect the flexion angle improvement one year after
Attune CSRP TKA. Moreover, it was hypothesized that patients with good flexion improvement after TKA
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would show good short-term patient-reported outcomes (PROMs). This article was previously posted to the
Research Square preprint server in July 2023.

Materials And Methods
Ethics
All participants were fully informed of the study, both verbally and in writing, in accordance with the
Declaration of Helsinki, and informed consent was obtained from all participants. This study was approved
by the Research Ethics Committee of the Kashiba Asahigaoka Hospital (approval number 03-1-016).

Study design and participants
This retrospective longitudinal study aimed to clarify the factors associated with knee flexion angle
improvement at 1 year after the Attune CSRP TKA. We retrospectively reviewed 79 patients with
osteoarthritis of the knee who underwent unilateral Attune CSRP TKA at our institution between October
2019 and January 2022. The inclusion criteria were as follows: (1) patients who underwent unilateral TKA due
to a diagnosis of knee osteoarthritis and were available for follow-up 1 year after surgery; (2) participants
using CSRP models; (3) participants who had the ability to ambulate independently or with a T-cane
preoperatively and one-year post-operatively; (4) patients scheduled for primary TKA; (5) age 50-90 years;
and (6) participants who provided informed consent to participate in the study. The exclusion criteria were
as follows: (1) participants diagnosed with rheumatoid arthritis and idiopathic osteonecrosis; (2)
participants with neurological or other musculoskeletal diseases that significantly impaired basic
movements, such as walking; and (3) participants with severe depression or dementia that would make the
evaluation difficult. The 79 included participants were divided into two groups according to the degree to
which the knee flexion angle improved postoperatively compared to preoperatively. The group with an
improvement in angle of 5° or more from the preoperative value was defined as the good Δflexion group
(n=38) and the group with an improvement angle of less than 5° was defined as the poor Δflexion group
(n=41).

CSRP and surgical procedures
All patients underwent surgery under general anesthesia following ultrasound-guided sciatic and femoral
nerve blocks (20 mL of 0.25% ropivacaine) performed by a trained anesthesiologist [7]. Perioperative
antibiotics were administered to patients without renal dysfunction: an intravenous dose of cephazolin 1 g
was administered before surgery, followed by an intravenous dose of cephazolin 1 g every eight hours until
the day after surgery. Patients with renal impairment with creatinine clearance less than 30 ml/min were
given half the dose of cefazolin for the same period as patients without it. To prevent deep vein thrombosis,
all patients were wrapped with an elastic bandage from the thigh to the dorsum of the foot after surgery and
were encouraged to do plantar dorsiflexion exercises in bed as much as possible. All patients received
edoxaban tosilate hydrate 30 mg for one week starting three days after surgery. Preoperative planning was
performed using a 3D preoperative-planning software (ZedKnee; Lexi, Tokyo, Japan) in all cases [8]. The
coronary alignment of the preoperative plan was mechanical alignment. The osteotomy of the distal femur
was flexed along the anterior bowing to avoid anterior notching for sagittal alignment. All patients were
placed in the supine position with a tourniquet pressurized at 280 mmHg regardless of blood pressure and
deployed using a midline incision and trivector approach. The surgical technique included extension gap
first, gap-balancing approach using a spring tensor (Real-Time Knee Balancer®; RTKB;) (Figure 1).

FIGURE 1: Figure illustrating RTKB
Real-Time Knee Balancer® (RTKB) can be used to measure the medial-lateral balance and distance of the
extension and flexion gaps.

A bony cut of the distal femur was performed using an intramedullary rod. The bony cut of the proximal tibia
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was performed with an extramedullary tibial guide. Computer-assisted surgery, such as a navigation system,
was not used in all cases; only existing devices were used. Therefore, for the intraoperative index when the
HKA angle was 0°, we determined the valgus angle and the assumed osteotomy amount obtained in the
preoperative 3D planning for the femur and determined that there was no significant difference in the
actual osteotomy amount. For the sagittal alignment of the tibia, we set the posterior slope angle in all cases
to 5° from the line connecting the lateral malleolus and the fibular head (Figure 2).

FIGURE 2: Confirmation of the tibial posterior slope angle using an
extramedullary rod and an alignment rod
The figure illustrates the confirmation of the tibial posterior slope angle using an extramedullary rod and an
alignment rod. An extramedullary rod was first applied parallel to the fibular axis and then a posterior slope angle
of 5° was set.
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After creating the extension gap, we inserted a spacer block and confirmed that the HKA angle was 0° using
an alignment rod (Figure 3). Regarding the point through which the alignment rod passes, the reference of
the center of the femoral head was two fingers from the iliac crest [9]. If there was no foot deformation, the
center of the ankle joint was set at the second toe and one-third of the center of the tibial axis [10]. After
visually confirming the alignment during extension with a spacer block, extension, and flexion gaps were
also confirmed with RTKB. Each extension gap at the natural extension position and femoral rotation angle
at 90° of flexion were determined using the RTKB (Figure 4). A measured sizing and rotation guide was used
to perform a four-sided femoral cut at the femoral rotation angle displayed in the RTKB, and the osteotomy
was performed by shifting the ready-made cut block anterior and posterior to the femur so that the gap
between extension and flexion was as equal as possible. Then, clearance of the posterior condylar
osteophytes, which can impinge on the posterior lip, was performed [11]. The femoral and tibial components
were then implanted, with no patella replaced. A mobile insert was used in all the cases.

FIGURE 3: Checking extension alignment using spacer block and
alignment rod
The figure illustrates checking the extension alignment using a spacer block and an alignment rod. The tibial axis
can be confirmed to pass through the middle one-third of the tibial crest.

FIGURE 4: Measurement of extension and flexion gaps using RTKB
Measurement of (a) extension gap and (b) flexion gap using Real-Time Knee Balancer® (RTKB). The femur twist
angle was also confirmed at 90° of flexion, which is referred to in the subsequent four-sided osteotomy of the
femur.

 

2024 Matsuoka et al. Cureus 16(8): e66915. DOI 10.7759/cureus.66915 4 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1123512/lightbox_e1724930496611ef8a0be51ea6d9c7e0-Fig3.png
https://assets.cureus.com/uploads/figure/file/1123514/lightbox_424613d0496811ef9887fbc21d900282-Fig4.png


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1123515/lightbox_c719adb0496811efb00eedb785d2f709-Fig5.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1123521/lightbox_3435ceb0496911efbe1c83e8fc552f44-Fig6.png
javascript:void(0)


javascript:void(0)


javascript:void(0)


javascript:void(0)




javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


https://dx.doi.org/10.1016/j.arth.2021.04.040
https://dx.doi.org/10.1016/j.arth.2021.04.040
https://dx.doi.org/10.1054/arth.2003.50046
https://dx.doi.org/10.1054/arth.2003.50046
https://dx.doi.org/10.1016/j.arth.2017.03.011
https://dx.doi.org/10.1016/j.arth.2017.03.011
https://dx.doi.org/10.1016/j.arth.2015.09.028
https://dx.doi.org/10.1016/j.arth.2015.09.028
https://dx.doi.org/10.1007/s00167-019-05827-2
https://dx.doi.org/10.1007/s00167-019-05827-2
https://dx.doi.org/10.1302/0301-620x.84b1.12432
https://dx.doi.org/10.1302/0301-620x.84b1.12432
https://dx.doi.org/10.1136/rapm-2021-102750
https://dx.doi.org/10.1136/rapm-2021-102750
https://dx.doi.org/10.1186/s12891-022-05367-w


https://dx.doi.org/10.1186/s12891-022-05367-w
https://dx.doi.org/10.3109/17453674.2011.641106
https://dx.doi.org/10.3109/17453674.2011.641106
https://dx.doi.org/10.1016/j.knee.2012.09.002
https://dx.doi.org/10.1016/j.knee.2012.09.002
https://dx.doi.org/10.1007/s00590-017-2118-2
https://dx.doi.org/10.1007/s00590-017-2118-2
https://dx.doi.org/10.1186/1471-2474-12-249
https://dx.doi.org/10.1186/1471-2474-12-249
https://dx.doi.org/10.3138/ptc-2018-0051
https://dx.doi.org/10.3138/ptc-2018-0051
https://dx.doi.org/10.1097/00003086-199006000-00028
https://dx.doi.org/10.1097/00003086-199006000-00028
https://dx.doi.org/10.1016/j.joca.2016.03.010
https://dx.doi.org/10.1016/j.joca.2016.03.010
https://dx.doi.org/10.1302/0301-620X.96B5.32516
https://dx.doi.org/10.1302/0301-620X.96B5.32516
https://dx.doi.org/10.1007/s00167-008-0712-x
https://dx.doi.org/10.1007/s00167-008-0712-x
https://dx.doi.org/10.1186/1471-2474-14-321
https://dx.doi.org/10.1186/1471-2474-14-321
https://pubmed.ncbi.nlm.nih.gov/17081464/
https://dx.doi.org/10.1055/s-0039-1688690
https://dx.doi.org/10.1055/s-0039-1688690
https://dx.doi.org/10.3991/ijoe.v18i05.29355
https://dx.doi.org/10.3991/ijoe.v18i05.29355
https://dx.doi.org/10.1186/s12891-021-04175-y
https://dx.doi.org/10.1186/s12891-021-04175-y
https://dx.doi.org/10.1007/s00167-018-5324-5
https://dx.doi.org/10.1007/s00167-018-5324-5
https://dx.doi.org/10.2106/JBJS.18.01096
https://dx.doi.org/10.2106/JBJS.18.01096
https://dx.doi.org/10.1055/s-0041-1735282
https://dx.doi.org/10.1055/s-0041-1735282
https://dx.doi.org/10.1002/jor.20417
https://dx.doi.org/10.1002/jor.20417
https://dx.doi.org/10.1007/s00590-021-03150-6
https://dx.doi.org/10.1007/s00590-021-03150-6
https://dx.doi.org/10.1016/j.arth.2019.02.051
https://dx.doi.org/10.1016/j.arth.2019.02.051
https://dx.doi.org/10.1186/s40634-021-00409-z
https://dx.doi.org/10.1186/s40634-021-00409-z
https://dx.doi.org/10.1007/s40279-015-0421-9
https://dx.doi.org/10.1007/s40279-015-0421-9

	Factors Influencing the Postoperative Flexion Angle in Cruciate-Sacrificing Rotating Platform of Total Knee Arthroplasty
	Abstract
	Introduction
	Materials And Methods
	Ethics
	Study design and participants
	CSRP and surgical procedures
	FIGURE 1: Figure illustrating RTKB
	FIGURE 2: Confirmation of the tibial posterior slope angle using an extramedullary rod and an alignment rod
	FIGURE 3: Checking extension alignment using spacer block and alignment rod
	FIGURE 4: Measurement of extension and flexion gaps using RTKB

	Outcome assessment
	Preoperative factors
	FIGURE 5: A representative radiographic image (sagittal view) of the knee joint

	Radiological assessment
	FIGURE 6: Postoperative radiological evaluation images

	Outcomes at one year postoperatively
	Postoperative protocol
	Statistics

	Results
	TABLE 1: Participant’s demographic characteristics and statistical data
	TABLE 2: Multiple logistic regression analysis for factors affecting Δflexion angle
	TABLE 3: Comparisons between the groups preoperatively and one year postoperatively

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


