
Introduction
The primary goals of total knee arthroplasty (TKA) are to 
improve range of motion (ROM) and reduce pain. Despite 
advances in surgical devices and techniques, some patients 
develop arthrofibrosis, a condition characterized by excessive 
build-up of scar tissue, leading to a painful knee with limited 
ROM [1]. One method for improving patient outcomes when 
patients demonstrate poor post-operative ROM is manipulation 
under anesthesia (MUA). Typical eligibility for MUA is patients 
who cannot achieve over 90° of flexion by 6–12 weeks post-TKA 
[2]. Research suggests that earlier interventions may lead to 

better outcomes [3]. Risk factors for developing arthrofibrosis 
and requiring MUA include previous ACL reconstruction, 
young age, female sex, smoking, systemic disease, history of 
previous knee surgeries, limited preoperative ROM, complexity 
of the TKA surgery, and poor post-operative rehabilitation [4, 5, 
6]. In 513 consecutive primary knees replaced at our institution 
between November 1, 2021, and July 1, 2022, 11 patients 
required an MUA. Of these 513 patients, 182 were implanted 
with Zimmer Biomet’s Persona IQ® The Smart Knee®, two of 
which required an MUA. Persona IQ includes an embedded 3D 
accelerometer, 3D gyroscope, and pedometer within the tibial 
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Introduction: Although surgical devices and techniques continue to improve, regular post-operative monitoring of patients is required to 
ensure the best outcomes. New technological advances have allowed physicians to monitor the daily recovery of total knee arthroplasty (TKA) 
patients. This report is the first to describe the utilization of an implantable gait monitoring device and its capacity to detect poor early post-
operative outcomes.
Case Report: Two patients, a 78-year-old male and a 34-year-old female, were assessed post-TKA utilizing remote gait kinematics and clinical 
evaluations and determined to need manipulation under anesthesia due to severely limited range of motion. One patient, a 51-year-old female, 
with good clinical outcomes, was used for comparison.
Conclusion: Remote monitoring may provide an earlier indication than clinical evaluations in identification of TKA patients at risk of poor 
outcomes and may who need intervention. The use of remote kinematic gait data in earlier identification of patients at risk has the potential to 
help improve outcomes for the broader population of TKA patients.
Keywords: Manipulation under anesthesia, total knee arthroplasty, range of motion.

Abstract

Learning Point of the Article:
Implantable gait monitoring devices may aid clinicians in detecting poor outcomes following total knee arthroplasty.

Manipulation under Anesthesia Following TKA with Persona IQ: A Case 
Series
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stem extension, allowing for remote collection of daily-living 
gait kinematics. The purpose of this case study was to identify 
the potential utility of kinematic data collected by Persona IQ in 
identifying risk for MUA in the early post-operative period. 
Specifically, this study will focus on the ROM of the knee during 
gait, collected by Persona IQ before and following MUA. In this 
case series, we will refer to this as functional ROM, whereas 
maximum passive flexion/extension ROM will be referred to as 
peak ROM.

Case Report
Patient 1 is a 78-year-old male who underwent a primary left 
TKA on February 10, 2022, with no complications. Pre-
operative X-rays confirmed the presence of osteoarthritis and 
joint space narrowing (Fig. 1, Top Left). Postoperatively, the 
patient participated in outpatient physical therapy 2–3 times 
per week for 9 weeks, beginning 4-day postoperatively. During 
physical therapy, a decline in peak ROM was noted at 4 weeks. 
X-rays taken at this time confirmed proper joint alignment and 
well-affixed implants (Fig. 1, Top Right). The patient’s medical 
history includes high cholesterol and sleep apnea, as well as 
hearing loss and frequent urination. The patient was a former 
smoker, who ceased over 16 years ago and self-reports a 
moderate level of alcohol consumption.
Preoperatively, the patient had a limited peak ROM of 5–95°. 

During the first 2 weeks following surgery, the patient averaged 
a functional ROM of 42°. The recovery curve for this parameter 
shows that the patient was below the 25th percentile, among 
men ≥65 years. Peak ROM was 4–83° at 2-weeks post-TKA. 
Functional ROM averaged 43.5° over weeks 3 and 4, followed 
by a decrease at week 5, illustrated on the recovery curve as the 
patient’s functional ROM falling below the 5th percentile. 7-
week post-TKA, the peak ROM had increased to 3-115° but the 
functional ROM was only at the 10th percentile. Although the 
patient had made progress in their peak knee flexion, they were 
still unable to reach full extension of the knee, and the patient 
reported increased pain and swelling. For these reasons, an 
MUA was performed 9 weeks following surgery. Following the 
MUA, physical therapy was prescribed 5 times per week for 2 
weeks, followed by an additional 2–3 times per week for 6 
weeks. Three weeks following MUA, functional ROM 
increased to an average of 48.5°, while peak ROM was 11–99°. 
By 7-week post-MUA, approximately 16 weeks after initial 
TKA, the patient had a functional ROM of 50.3°, and peak 
ROM was measured at 6–111°. Over the next 4 weeks, the 
patient averaged 52° of functional ROM (Fig. 2, Top).
Patient two is a 34-year-old female who underwent a primary 
left TKA on June 1, 2022 with no complications. Pre-operative 
X-rays confirmed severe osteoarthritis and joint space 
narrowing (Fig. 1, Middle Left). The patient participated in 
outpatient physical therapy 1–3 times per week for 6 weeks 
starting 2 days after surgery. Post-operative X-rays confirmed 
proper joint alignment and well-affixed implants (Fig. 1, Middle 
Right). The patient’s past medical history consists of a previous 
ACL and meniscal repair, hypothyroidism, arthritis, and Type 2 
diabetes. This patient does not have a history of smoking and 
self-reports occasional alcohol consumption.
Preoperatively, the patient had a limited peak ROM of 19–71°. 
During the initial 2 weeks following surgery, the patient 
averaged only 37° of functional ROM, below the 5th percentile 
among females ≤65 years (Fig 2, middle). At her 2-week follow-
up, the patient’s peak ROM was 17–70°. The functional ROM 
average between weeks 3 and 6 was 43.75°. At 6 weeks post-TKA 
the patient’s peak ROM had only improved to 3–86°. The 
patient under went MUA at 7-week post-TKA due to 
arthrofibrosis limiting knee mobility. Following MUA, physical 
therapy was prescribed 1–3 times per week for 6 weeks. Over 
the 2 weeks following MUA, the patient averaged 49° of 
functional ROM and had an improved peak ROM of 6–91°. At 
5-week post-MUA, the patient had a peak ROM of 0–107°, and 
was averaging 51° of functional ROM. The patient continued to 
be remotely monitored and showed continuous improvements 
in functional ROM with an average of 54° between 16- and 20-
week post-TKA (Fig. 2, Middle).
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Figure 1: Pre- and Post-operative X-rays for Case 1 (Top), Case 2 
(Middle), and Case 3 (Bottom).
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Patient three is a 51-year-old female who underwent primary 
left TKA on June 1, 2022 with no complications. Pre-operative 
X-rays confirmed severe osteoarthritis and joint space 
narrowing (Fig. 1, Bottom Left). The patient began outpatient 
physical therapy 2 days after surgery and continued 2–3 times 
per week for 6 weeks. Post-operative X-rays confirmed proper 
joint alignment and well-affixed implants (Fig. 1, Bottom 
Right). This patient’s medical history consists of previous left 
knee ACL reconstruction, knee arthroscopy with partial medial 
and lateral meniscectomies. This patient does not have a history 
of smoking and self-reports occasional alcohol consumption.
Preoperatively, the patient had a limited peak knee ROM of 
13–102°. During the 2 weeks between surgery and the initial 
clinical visit, the patient averaged 51.5° of functional ROM. At 
her 2-week follow-up, the patient had a peak ROM of 0–105°. 
Over the following 4 weeks, the patient averaged 57.8° of 
functional ROM and had a peak ROM of 0–124°. From week 8 
through 20 post-TKA, this patient maintained a relatively stable 
functional ROM, averaging 63.6° throughout this time period 
(Fig. 2, Bottom).

Discussion
The purpose of this study was identifying the potential utility of 
kinematic data collected by Persona IQ in identifying risk for 
MUA in the early post-operative period. To this affect, we 
provided two case reports in which daily-living kinematic data, 
specifically functional ROM during gait, can assist in 
determining MUA candidacy of patients due to suboptimal 
performance early in the post-operative period.
Evaluating patient satisfaction and recovery has typically relied 
on patient-reported outcomes (PROMS) and physical 
examination at discrete time points following surgery [7, 8, 9, 
10, 11, 12, 13]. These early post-operative visits are critical in 
determining the potential need for MUA and rely on patients’ 
compliance with their follow-up visits. Lack of compliance with 

follow-up visits can have serious consequences on functional 
recover, as the optimal window for an MUA is <3 months 
following surgery [3]. The patients presented in this case series 
followed the usual standard-of-care follow-up regimen, where 
they were seen for their initial post-operative appointment 2 
weeks after surgery, where it was first noted that an MUA may be 
required to regain an adequate range of knee ROM. During the 
first 3 weeks of patients’ recovery, their functional ROMs were 
below the 25th and the 5th percentiles for patients one and two, 
respectively. The knee kinematics of the patients’ daily-living 
gait were the first indication that the patients were potential 
candidates for an MUA. As shown in Fig. 2, a low functional 
ROM is clearly visible during the first 3 weeks of recovery, and 
improvement in functional ROM can be clearly seen following 
the successful MUA procedures. By week 20 after surgery, both 
patients reached the 50th percentile of functional ROM, 
illustrating the MUA allowed both patients to achieve an 
“average” knee recovery.
When used in conjunction with clinical examination, we may be 
able to utilize daily-living kinematic data to predict poor 
outcomes earlier, which would lead to earlier intervention and 
improved long-term knee function. Furthermore, the 
implanted nature of the device promotes near 100% of 
compliance from patients, whereas compliance for in-person 
visits, PROMS completion and wearable technology is as low as 
35% following surgery [14, 15, 16]. An additional promising 
capability of the Persona IQ is the ability to remotely follow-up 
patients long-term, daily throughout the 1st year after their 
surgery, and periodically throughout the following years.

Conclusion
The ability to monitor patients’ functional knee remotely with a 
smart implant as they complete their daily activities could 
become a valuable asset to orthopedic surgeons performing 
TKAs. Patients discussed in this case series had different 
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Figure 2: Average knee ROM through 20 weeks for Patient 1 (Top), Patient 2 (Middle), and Patient 3 (Bottom). Shaded areas indicated 
average knee range of motion of patients in the 5th through 95th percentiles.
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demographic characteristics for gender, age, smoking status, 
and other medical histories. However, further research utilizing 
a larger population of patients will be necessary to demonstrate 
the value of providing early alerts to clinicians for patients at risk 
of severely limited ROM and potential MUA. The short-term 
benefit allows for an earlier intervention, such as MUA as in this 
case series, or other modalities (PT intensification for 
instance). A mid-term benefit of the technology, also illustrated 
in this case series, is the ability to monitor patients’ recovery 
after MUA and beyond the global period. Further research is 

necessary to confirm and expand on these early signals and 
demonstrate that this technology ultimately results in better 
outcomes.

Clinical Message

This article demonstrates the clinical utility of an emerging 
technology that will permeate orthopedics in the future. This novel 
device not only monitors recovery but detects complications in the 
early post-operative period.
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