
https://doi.org/10.1177/1179544117733446

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Clinical Medicine Insights: Arthritis and 
Musculoskeletal Disorders
Volume 10: 1–9
© The Author(s) 2017
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1179544117733446

Background
Osteoarthritis (OA) of the knee is a leading cause of disability 
in the adult population globally. In the United States, 1 in 4 
adults (54 million) have arthritis, and more than half of them 
are younger than 65 years old. Patients aged 35 to 65 years rep-
resent the fastest growing segment of the OA population.1–7 
Many of these younger patients have unicompartmental knee 
OA, which most frequently occurs in the medial compartment, 
as it takes on significantly more load during weight bearing 
than the lateral compartment.8–11

Treatment for medial compartment knee OA typically 
begins with nonsurgical therapies, such as weight loss, 
orthotics, analgesics, anti-inflammatory drugs, and joint 
injections, although they may eventually fail as they do not 
correct the underlying pathology.2,4 Patients may then pro-
gress to surgical intervention, namely, arthroplasty or high 
tibial osteotomy (HTO). In younger patients, this decision 
may be influenced by their desire to avoid procedures that 
require bone cutting or bone removal and restrict their return 
to high activity levels.2–4,11

Just as the number of younger arthritics is increasing rapidly, 
the incidence of arthroplasty procedures is increasing dispro-
portionately quickly in this younger patient population with 
knee OA. Unicompartmental knee arthroplasty (UKA) is an 

option and, if it fails, total knee arthroplasty (TKA) is typically 
the next step. Total knee arthroplasty following a primary UKA 
can be more technically demanding if bone grafts, wedges, or 
stems are required, and any revision arthroplasty carries an 
increased risk of a complication.12–17 Younger patients are more 
likely to experience failure of the prosthesis and, subsequently, 
require a revision surgery.4,9,13,18–21 In a study of 88 000 patients 
in California, Meehan et  al22 found that patients with TKA 
< 50 years old experienced a 2-year revision rate of 9% due to 
infection and aseptic loosening, a rate nearly 4 times that of 
patients >65 years old. Furthermore, multiple recent studies 
have reported dissatisfaction rates near 30% in arthroplasty 
patients <55 years old, with the authors recommending that 
patients younger than 55 years be informed about the increased 
risk of dissatisfaction.20,23 Meanwhile, HTO, despite some 
clinical success, has been less popular with patients and sur-
geons in certain cultures because it involves invasive bone alter-
ations, a potentially prolonged recovery, and may actually 
accelerate OA in the lateral compartment as a result of the load 
shifting to this compartment.3,8,9 With higher revision and dis-
satisfaction rates after arthroplasty and an aversion to HTO, 
there is a clear clinical need to be addressed for the younger 
patient with knee OA.
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Unicompartmental load-absorbing implants were devel-
oped to fill the gap between ineffective conservative treatments 
and invasive surgical options.4,9,10 Once such device is the Atlas 
System (Moximed, Inc, Hayward, CA, USA), a second-gener-
ation load absorber whose implantation is minimally invasive, 
extra-articular, and does not require bone resection.3 The 
implant unloads the diseased medial compartment of the knee 
by means of an absorbing element, which is compressed during 
weight bearing, without transferring the excess load to the 
unaffected lateral compartment and maintaining the natural 
kinematics of the joint. Early research on the implant is prom-
ising, demonstrating excellent safety, effectiveness, and durabil-
ity outcomes, and successful implantation rates.3,9,10,24–27

The Atlas System was first evaluated in a single-arm, multi-
center study. The purpose of this study (the PHANTOM High 
Flex Trial) was to assess the clinical efficacy and safety of the 
Atlas System after 24 months of follow-up in patients needing 
unloading of the medial compartment of the knee. The trial is 
still ongoing and the current report is an interim analysis after 
all patients returned for their 12-month follow-up visit.

Methods
Objectives

The primary objectives of this study are to evaluate changes in 
pain and function at 24 months compared with baseline, using 
patients as their own controls, and safety outcomes. Safety will be 
determined using the incidence of treatment-emergent adverse 
events (AEs). Secondary objectives are procedural success, both 
patient-reported and physician-reported changes in outcomes 
scores, and radiographic assessments of the knee and implant.

Design

The study was designed, conducted, recorded, and reported in 
compliance with the principles of Good Clinical Practice 
guidelines and the International Organization for 
Standardization (ISO) 14155,28 as well as in accordance with 
all national, state, and local laws of the appropriate regulatory 
authorities and the Declaration of Helsinki. The trial was reg-
istered with clinicaltrials.gov (NCT02711254).

The study is being conducted across 3 sites in Poland and 1 
site in South Africa. Patient enrollment was completed between 
August and September 2015, and final 24-month data collec-
tion is expected to be completed by October 2017. All eligible 
patients who received the implant will be followed for 
24 months following the procedure, with study visits at base-
line, immediately postprocedure, 6 weeks, and 3, 6, 12, and 
24 months.

Eligibility criteria

Eligible patients were men or women, between the ages of 25 
and 65 years, and had a documented pathology of the medial 

compartment of the knee that required unloading. The 
pathology qualified with either an International Cartilage 
Repair Society (ICRS) score >0 as assessed by magnetic reso-
nance imaging or arthroscopy older than 3 months or a 
Kellgren-Lawrence (KL) grade ≤3 as assessed by X-ray. They 
also had continued target knee pain despite 6 months of con-
servative treatment prior to surgery, pain in the target knee as 
demonstrated by a minimum score of 40 (scale 0-100) on the 
Knee injury and Osteoarthritis Outcome Score (KOOS) pain 
domain questions, knee flexion ≥90° to ≤140°, a body mass 
index (BMI) between 24 and 35 kg/m2, and weight ≤110 kg. 
Patients with an active infection, sepsis, osteomyelitis or his-
tory of septic arthritis in any joint, rheumatoid arthritis or 
other forms of inflammatory joint disease, significant OA in 
the lateral compartment of the study knee (defined as a KL 
grade ≥2), significant OA in the patellofemoral compartment 
of the study knee (defined as a KL grade ≥3), radiographic 
evidence of OA (KL grade >2) in the contralateral knee and 
clinical findings of OA symptoms that interfered with activi-
ties of daily living (ADL) or required the use of an assist 
device, previous joint modifying surgery in the target knee 
within 12 months prior to the planned surgery date, disorders 
which may impair bone formation, another significant medi-
cal condition or other factor that the investigator felt would 
have interfered with study participation, taking concomitant 
immunosuppressive therapy, or who smoked or quit smoking 
less than 1 year prior to enrollment were excluded. A more 
detailed description of the inclusion and exclusion criteria is 
available in the supplementary data.

Device description

The Atlas System (Figure 1) consists of titanium alloy femoral 
and tibial bases and a polycarbonate urethane absorber that 
reduces the load transferred through the affected medial com-
partment of the knee joint. The absorber is made of a central 
body that provides compressive load absorption and an articu-
lating ball and socket joint at each end that allows the device to 
accommodate the natural motions of the knee (Figure 2). The 
absorber is implanted in the subcutaneous tissue of the medial 
extracapsular space and remains extra-articular. The compress-
ible load absorber spans the joint, is positioned superficial to 
the medial collateral ligament, and isolated from the articular 
surfaces of the knee. The device is designed to be implanted 
through a single, relatively small incision without resection of 
bone, muscle, or ligaments, and without violation of the joint 
capsule. The device can be removed without disruption to the 
joint and surrounding tissues, and primary joint replacement 
surgery can be performed in the future, if necessary.

The implant allows the surfaces of the joint to continue to 
articulate and bear weight postimplantation. By providing a 
supplemental load path to the side of the affected portion of 
the joint, the Atlas System reduces the amount of load carried 
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by the degenerated surfaces. It provides up to 13 kg of knee 
unloading, without compromising range of motion (ROM).

On the day of surgery, standard preoperative preparations 
are taken for the patient, similar to those used in mini-open 
ligament repair procedures. The patient is sedated under gen-
eral or spinal anesthesia. The device is implanted using direct 
visualization. Surgical implantation is completed using stand-
ard operative orthopedic tools and techniques in conjunction 
with instruments unique to the Atlas System. No concomitant 
procedures, including arthroscopy, were permitted in this study.

Outcomes

The KOOS is a disease-specific measure comprising 5 dimen-
sions: pain, other symptoms, function in ADL, function in 
sport and recreation, and knee-related quality of life (QoL).29 
The Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC), also a disease-specific 

measure, was calculated based on 24 questions within the 
KOOS questionnaires and is used to evaluate the areas of pain, 
stiffness, and physical function.30 The Knee Society Score 
(KSS) is a clinical evaluation system for reporting results for 
patients undergoing knee implant surgery.31 The KSS consists 
of 2 parts, the Knee Score, which assesses pain, ROM, and sta-
bility, and the Function Score, which evaluates a patient’s abil-
ity to walk on level surfaces, ascend and descend stairs, and the 
use of external supporting devices.

All operative and postoperative complications, whether 
device-related or not, were recorded and reported.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 
(version 20.0, IBM Corp., Armonk, NY, USA). Categorical 
variables were presented as counts and proportions. Continuous 
data were presented as means with their standard errors. 
Clinical outcome scores were compared using a 1-way repeated-
measures analysis of variance and displayed as both absolute 
and change from baseline scores. A P value less than .05 was 
considered statistically significant.

Adverse events were summarized and categorized by sever-
ity and relation to the study procedures. An AE that was con-
sidered recurrent was updated at the subsequent visit. Such 
cases were counted as one event and the highest severity was 
assigned. Serious adverse events (SAEs) and AEs leading to 
discontinuation of the study were also recorded.

Study safety success was defined as an absence of unantici-
pated serious adverse device effects. We also determined the 
proportion of patients who experienced a clinically meaningful 
≥20% improvement in their KOOS pain and WOMAC pain 
scores at 12 months.32–34

Results
Demographics

Twenty-six patients were enrolled and treated in the study. 
Baseline characteristics are shown in Table 1. The mean age of 
the patients at the time of surgery was 51 ± 1.7 years. The study 
cohort included 16 men (61.5%) and 10 women (38.5%). 
Their average weight and BMI were 84.7 ± 1.8 kg and 
28.4 ± 0.6 kg/m2, respectively. Twenty-three patients (88.5%) 
were employed or self-employed at the time of enrollment. 
The procedure was completed in the right knee for 14 (53.8%) 
patients, and the average operation time was 56.8 ± 2.8 minutes. 
Half of the patients had prior surgery in the study knee. All 
devices were successfully implanted, and no concomitant pro-
cedures, including arthroscopy, were performed.

Clinical outcomes

Average KOOS pain scores significantly improved from 
44.2 ± 2.1 at baseline to 78.9 ± 3.7 points at 12 months (Table 
2; Figure 3). Bonferroni-adjusted pairwise comparisons 

Figure 1. ATLAS Knee System.

Figure 2. ATLAS Knee System components.
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Table 1. Baseline characteristics (n = 26).

CHARACTERISTIC ATLAS KNEE SySTEM

Age, y

 Mean ± SE 51 ± 1.7

 Minimum, maximum 30, 63

gender, No. (%)

 Male 16 (61.5)

 Female 10 (38.5)

Height, cm

 Mean ± SE 172.9 ± 1.7

 Minimum, maximum 156, 190

weight, kg

 Mean ± SE 84.7 ± 1.8

 Minimum, maximum 65, 100

Body mass index, kg/m2

 Mean ± SE 28.4 ± 0.6

 Minimum, maximum 24.2, 34.6

ethnicity, No. (%)

 White 25 (96.2)

 Mixed ancestry 1 (3.8)

employment status, No. (%)

 Employed 17 (65.4)

 Self-employed 6 (23.1)

 Retired 2 (7.7)

 Unemployed 1 (3.8)

Is the patient able to meet their current employment 
demands? No. (%)

 yes 18 (69.2)

 No 5 (19.2)

 Not applicable 3 (11.5)

Highest level of education achieved, No. (%)

 Vocational/technical school 13 (50.0)

 University 8 (30.8)

 Postgraduate 3 (11.5)

 Secondary 2 (7.7)

Nonsmoker? No. (%)

 yes 20 (76.9)

 No 6 (23.1)

Treated knee, No. (%)

 Right 14 (53.8)

 Left 12 (46.2)

CHARACTERISTIC ATLAS KNEE SySTEM

Previous surgery in study knee? No. (%)

 yes 13 (50.0)

 No 13 (50.0)

Operation time, min

 Mean ± SE 56.8 ± 2.8

 Minimum, maximum 33, 85

was the device successfully implanted? No. (%)

 yes 26 (100.0)

 No 0 (0.0)

Table 1. (Continued)

demonstrated statistically significant changes at each study 
visit relative to baseline. At 12 months, 25 (96.2%) patients 
experienced a clinically meaningful ≥20% improvement in 
their KOOS pain score. Knee injury and Osteoarthritis 
Outcome Score symptoms, ADL, sports and recreation, and 
QoL scores also all significantly improved over 12 months 
(Table 2; Figure 3). For each of these dimensions, Bonferroni-
adjusted pairwise comparisons demonstrated statistically sig-
nificant improvements at each study visit relative to baseline, 
except for the KOOS symptoms and KOOS sports and rec-
reation scores at 6 weeks.

Western Ontario and McMaster Universities Osteoarthritis 
Index pain, stiffness, and function subscales all significantly 
improved over 12 months (Table 2; Figure 4). For both pain 
and function, Bonferroni-adjusted pairwise comparisons dem-
onstrated statistically significant improvements at each study 
visit relative to baseline. Pain scores improved from 53.5 ± 1.7 
at baseline to 16.3 ± 3.5 at 12 months, and function scores 
improved from 48.4 ± 3.4 at baseline to 18.2 ± 3.7 at 12 months. 
At 12 months, 24 of 26 (92.3%) had a clinically meaningful 
≥20% improvement in their WOMAC pain score. The average 
change in the WOMAC stiffness score from baseline was sig-
nificant at 6 and 12 months only.

Average scores for both KSS knee and KSS function signifi-
cantly improved over 12 months (Table 2; Figure 5). The KSS 
knee scores improved from 61.9 ± 3.0 at baseline to 94.6 ± 1.6 at 
12 months, and KSS function scores improved from 73.4 ± 2.8 
at baseline to 98.1 ± 1.1 at 12 months. Bonferroni-adjusted 
pairwise comparisons demonstrated statistically significant 
improvements at each study visit relative to baseline except for 
KSS function at 6 weeks.

Safety

Nine patients (34.6%) experienced at least 1 AE during the 
12-month follow-up period (Table 3). A total of 14 events 
were reported, and none of them resulted in study discontinu-
ation. Of the 14 events, 3 were classified as serious AEs and 
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occurred in 3 patients (11.5%) (Table 4). One patient (3.8%) 
had his implant removed due to ongoing knee pain and 
decreased ROM at 12 months.

Discussion
A recent article by the Centers for Disease Control and 
Prevention (CDC) stated that more than half of adults with 
arthritis in the United States, an estimated 32 million, are of 
working age (ie, <65 years old). Osteoarthritis has a substantial 
impact on everyday activities and reduces activity levels, which 
may then influence the development and progression of other 
chronic diseases, such as heart disease and obesity.6 Young 
arthritics require a treatment option that will allow them to 
remain physically active, maintain employment, and manage or 

prevent other comorbidities. Because OA is affecting a greater 
proportion of younger individuals, this patient cohort is also 
experiencing a greater rate of surgical interventions. However, 
typical surgical options, such as HTO and arthroplasty, require 
substantial bone cutting and removal, which can complicate 
subsequent surgery and may offer limited or prolonged return 
to activity. As these patients are receiving surgery at such an 
early age, the prosthesis has a greater likelihood of failing over 
time. Recent studies also point to higher dissatisfaction rates in 
younger arthroplasty patients. Clearly, there is a clinical need 
for alternative treatment options for young patients with knee 
OA who hope to delay or avoid arthroplasty.

This study evaluated the efficacy and safety of the Atlas 
System for individuals with medial compartment knee OA. 

Table 2. Results of 1-way repeated-measures ANOVA (n = 26).

OUTCOME MEASURE BASELINE 6 WK 3 MO 6 MO 12 MO P VALUE

KOOSa

Pain 44.2 ± 2.1 66.5 ± 2.9 71.8 ± 3.4 75.4 ± 3.6 78.9 ± 3.7  

Improvement from baseline — 22.2 ± 3.0 27.6 ± 3.1 31.2 ± 3.1 34.7 ± 2.8 <.01

Symptoms 45.1 ± 2.3 52.2 ± 1.9 54.3 ± 1.7 58.3 ± 1.8 58.1 ± 2.3  

Improvement from baseline — 7.1 ± 2.5 9.2 ± 2.8 13.2 ± 2.3 13.0 ± 2.8 <.01

ADL 51.6 ± 3.4 70.8 ± 3.1 75.3 ± 3.3 78.9 ± 3.4 81.5 ± 3.7  

Improvement from baseline — 19.2 ± 3.7 23.7 ± 3.7 27.3 ± 3.8 29.9 ± 3.2 <.01

Sport/rec.* 22.8 ± 2.6 31.8 ± 5.9 41.4 ± 4.8 49.0 ± 5.7 58.2 ± 5.2  

Improvement from baseline — 9.0 ± 5.4 18.6 ± 4.6 26.2 ± 5.3 35.4 ± 4.6 <.01

QoL 32.1 ± 2.1 45.8 ± 3.1 51.8 ± 2.6 53.5 ± 3.5 58.7 ± 2.9  

Improvement from baseline — 13.7 ± 3.8 19.7 ± 3.3 21.3 ± 4.5 26.5 ± 4.0 <.01

wOMACb

Pain 53.5 ± 1.7 26.0 ± 2.6 20.0 ± 3.0 17.3 ± 3.2 16.3 ± 3.5  

Improvement from baseline — 27.5 ± 2.8 33.5 ± 3.1 36.2 ± 2.8 37.1 ± 2.7 <.01

Stiffness 51.6 ± 5.0 46.8 ± 4.5 38.2 ± 3.8 34.8 ± 4.2 28.6 ± 4.5  

Improvement from baseline — 4.8 ± 4.6 13.4 ± 5.3 16.8 ± 4.7 23.0 ± 4.5 <.01

Function 48.4 ± 3.4 27.6 ± 2.6 24.7 ± 3.3 21.1 ± 3.4 18.2 ± 3.7  

Improvement from baseline — 20.8 ± 3.5 23.7 ± 3.7 27.3 ± 3.8 30.2 ± 3.3 <.01

KSSa

Knee 61.9 ± 3.0 84.1 ± 2.2 90.1 ± 2.5 91.4 ± 2.0 94.6 ± 1.6  

Improvement from baseline — 22.2 ± 3.3 28.2 ± 4.1 29.5 ± 3.6 32.7 ± 3.3 <.01

Function 73.4 ± 2.8 83.4 ± 3.7 91.4 ± 2.5 98.4 ± 0.9 98.1 ± 1.1  

Improvement from baseline — 10.0 ± 4.0 18.0 ± 3.4 25.0 ± 3.2 24.7 ± 3.0 <.01

Abbreviations: ADL, activities of daily living; ANOVA, analysis of variance; KOOS, Knee injury and Osteoarthritis Outcome Score; KSS, Knee Society Score; WOMAC, 
Western Ontario and McMaster Universities Osteoarthritis Index.
Values are expressed as mean ± SE. Values in bold are statistically significant compared with baseline, according to Bonferroni-adjusted pairwise comparison.
aHigher score indicates improvement.
bLower score indicates improvement.
*n = 25, 1 patient missing data point at 12 months.
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Importantly, the inclusion criteria targeted a younger patient 
population for whom arthroplasty is not the ideal treatment. 
This patient cohort demonstrated statistically significant 
improvements across a number of disease-specific outcome 
measures over 12 months. Impressive responder rates of 96.2% 
and 92.3% of patients demonstrating a clinically significant 
≥20% improvement in KOOS pain and WOMAC pain scores, 
respectively, at 12 months indicate that the treatment is well 
targeted toward the difficult-to-treat young arthritic 
population.

All concomitant procedures, including arthroscopy, were 
prohibited in this study of the Atlas System, so the outcomes 
can be attributed to the joint unloading provided by the 
implant. Furthermore, the durability of treatment effect out to 

12 months suggests that the outcomes are not the result of any 
placebo effect, particularly because no intra-articular proce-
dures were performed. The clinical trial is still ongoing, and a 
final evaluation confirming these outcomes at 24 months is 
expected.

It is important to remember that unloading therapy is not 
intended to cure the underlying OA disease, and pain with 
activity is possible. Of the 3 SAEs reported, only 1 involved the 
medial compartment that this device is intended to treat. This 
patient was a cycling enthusiast; unfortunately, his treatment 
expectations were not met and he had elective device removal 
at 12 months. Importantly, the explant procedure consisted of 
implant removal and cartilage debridement only, without con-
version to any subsequent implant. During removal surgery, the 

Figure 3. Mean KOOS scores from baseline to 12 months. ADL indicates activities of daily living; KOOS, Knee injury and Osteoarthritis Outcome Score; 

QoL, quality of life.

Figure 4. Mean WOMAC scores from baseline to 12 months. WOMAC indicates Western Ontario and McMaster Universities Osteoarthritis Index.
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proper function of the device was confirmed. The other SAEs 
involved uterine bleeding and trochlear microfracture for ante-
rior knee pain, the latter of which indicates preexisting OA in 
the patellofemoral compartment whose pain may have been 
unmasked by relief of the medial compartment pain.

The results of this study are consistent with prior investiga-
tions on the implant’s predecessor, the KineSpring System, 
which also unloaded the medial compartment by up to 13 kg. A 
total of 99 patients treated with the KineSpring System, 
observed over an average of 17 months, all demonstrated statis-
tically significant improvements in all WOMAC subscales 
relative to baseline. About 80% of these patients required 
implant removal and 1 person subsequently converted to a 
TKA.10,26 In these data on the KineSpring System, the average 
scores for the WOMAC pain, stiffness, and function subscales 
at final follow-up were 20, 32, and 22, respectively, compared 
with 16.3, 28.6, and 18.2 at 12 months in this study. Also, 
77.8% of the patients in the KineSpring System group experi-
enced a clinically meaningful ≥20% improvement in their 
WOMAC pain score at final follow-up, whereas 92.3% 

achieved such an outcome in this study at 12 months. In a 
5-year case series of 12 KineSpring System patients, Hayes 
et  al25 also found statistically significant improvements from 
baseline in WOMAC pain, WOMAC function, and the KSS 
as early as 6 weeks postsurgery, which all remained significant 
throughout the study. In this same trial, mean KSS function 
scores were 83.2, 84.2, 97.3, and 98.2 at 6 weeks, 3, 6, and 
12 months, respectively, compared with similar values in this 
study. Madonna et  al27 reported significant improvements in 
WOMAC pain and function and in all KOOS subscales 
12 months after treatment with the KineSpring System in a 
group of 53 patients. In this same patient group, 3 individuals 
(5.7%) had their device removed,27 whereas 1 patient (3.8%) 
had an implant removal in this study. Another investigation of 
9 patients treated with the KineSpring System also demon-
strated significant improvements in all WOMAC subscales 
over a 2-year period.35 The results of this study of the Atlas 
System, combined with the body of evidence from the 
KineSpring System, support the clinical utility of unicompart-
mental joint unloading implants.

A strength of this study was that it had a strict eligibility 
criteria and a rigorous protocol, which ensured that the sample 

Figure 5. Mean KSS scores from baseline to 12 months. KSS indicates Knee Society Score.

Table 3. Adverse events.

ADVERSE EVENT NO. OF EVENTS 
REPORTEDa

Other 5

Knee pain 5

Audible clicking, squeaking, or other noise 
associated with the device

2

ROM insufficient of limited 1

Pain and rehab. associated with surgical 
recovery

1

Abbreviation: ROM, range of motion.
aA patient can report multiple events.

Table 4. Serious adverse events (SAEs).

SAE NO. OF EVENTS 
REPORTEDa

RESOLVED OR IMPROVED

Uterine 
bleeding

1 Resolved, uterus surgery

Anterior 
knee pain

1 Improved, trochlear lesion 
microfracture

Knee pain, 
limited ROM

1 Resolved, debridement and 
device removal

Abbreviation: ROM, range of motion.
aA patient can report multiple events.
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included the targeted patient population and accurate data col-
lection at predefined study time points. The instruments 
included in this investigation (ie, the KOOS, WOMAC, and 
KSS) are validated, disease-specific measures that assess 
numerous dimensions that are considered important to this 
patient population. A limitation of this study was that it might 
be considered short-term relative to previous studies examin-
ing this patient population.36–38 The planned analysis of the 
24-month data will provide further knowledge regarding the 
safety and efficacy of this implant. Future studies will also 
require greater sample sizes to obtain more accurate and precise 
estimates of the intervention’s effect. Because this trial used an 
experimental, single-arm design, it is difficult to evaluate, 
directly, how the Atlas Knee System compares with other knee 
OA interventions. Randomized trials are considered the gold 
standard study design when estimating comparative effects 
between treatments; however, studies involving surgical inter-
ventions may have additional concerns to address regarding 
ethics and feasibility.39–41 In this particular case, we must also 
consider patient preferences to avoid potential randomization 
to a more invasive procedure, the different indications and con-
traindications of these various therapies, and surgeon experi-
ence. For example, arthroplasty tends to be recommended for 
patients who have more advanced disease, are older, and less 
active than those who may be offered a joint unloading device. 
Finally, this investigation took place at clinical sites in Poland 
and South Africa only, so it is unclear whether the results 
would also be generalizable to patients with knee OA in other 
geographical locations. Although these results are not conclu-
sive, they are promising and provide rationale to continue 
research on the device.

Conclusions
This study highlights the potential benefit of a joint unloading 
device in the management of younger patients with mild to 
moderate medial knee OA. In this single-arm, multicenter trial 
of 26 patients, the Atlas System demonstrated statistically sig-
nificant and clinically meaningful improvements in clinical 
outcomes over 12 months. This interim analysis established the 
short-term efficacy of the Atlas System; however, a greater 
follow-up period, spanning many years, is required to assess the 
long-term durability and safety of the implant. The trial is still 
ongoing and another evaluation is planned once all the patients 
complete their 24-month visits.

Acknowledgements
The authors thank Christopher Vannabouathong for his assis-
tance in preparing the manuscript.

Author Contributions
KS, JW, RS, and WvdM conceived and designed the experi-
ments; analyzed the data; wrote the first draft of the manu-
script; contributed to the writing of the manuscript; agree with 
manuscript results and conclusions; jointly developed the 

structure and arguments for the paper; made critical revisions 
and approved final version; and reviewed and approved the 
final manuscript.

RefeRenCes
 1. Cattano NM, Barbe MF, Massicotte VS, et al. Joint trauma initiates knee osteo-

arthritis through biochemical and biomechanical processes and interactions. OA 
Musculoskelet Med. 2013;1:3.

 2. Kramer WC, Hendricks KJ, Wang J. Pathogenetic mechanisms of posttraumatic 
osteoarthritis: opportunities for early intervention. Int J Clin Exp Med. 
2011;4:285–298.

 3. Slynarski K, Lipinski L. Treating early knee osteoarthritis with the Atlas®, uni-
compartmental knee system in a 26-year-old ex-professional basketball player: a 
case study. Case Rep Orthop. 2017;2017:1–5.

 4. Stiebel M, Miller LE, Block JE. Post-traumatic knee osteoarthritis in the young 
patient: therapeutic dilemmas and emerging technologies. Open Acc J Sports Med. 
2014;5:73–79.

 5. O’Reilly S. Knee OA: growing demand for nonsurgical options. Medtech Insight. 
December 16, 2011:98–102.

 6. Centers for Disease Control and Prevention. Arthritis in America. https://www.
cdc.gov/vitalsigns/arthritis/index.html. Published 2017. Accessed March 2017.

 7. Tarkan L. Adding pounds, then new knees. The New York Times. November 11, 
2013.

 8. Becker R, Kopf S, Karlsson J. Loading conditions of the knee: what does it mean? 
Knee Surg Sport Traumatol Arthosc. 2013;21:2659–2660.

 9. Clifford A, O’Connell M, Gabriel S, Miller LE, Block JE. The KineSpring load 
absorber implant: rationale, design and biomechanical characterization. J Med 
Eng Technol. 2011;35:65–71.

 10. Clifford AG, Gabriel SM, O’Connell M, Lowe D, Miller LE, Block JE. The 
KineSpring® knee implant system: an implantable joint-unloading prosthesis for 
treatment of medial knee osteoarthritis. Med Devices (Auckl). 2013;6:69–76.

 11. Salzmann GM, Ahrens P, Naal FD, et al. Sporting activity after high tibial oste-
otomy for the treatment of medial compartment knee osteoarthritis. Am J Sports 
Med. 2009;37:312–318.

 12. Akan B, Yildirim T, Guclu B, Kaya A, Karaguven D, Cetin I. Outcomes for 
revision total knee replacement after unicompartmental knee replacement. Acta 
Orthop Traumato Turc. 2014;48:419–423.

 13. Pietschmann MF, Ficklscherer A, Wohlleb L, Schmidutz F, Jansson V, Muller 
PE. UKA can be safely revised to primary knee arthroplasty by using an autolo-
gous bone plate from the proximal lateral tibia. J Arthroplasty. 
2014;29:1991–1995.

 14. Spivey JC, Guild GN III, Scuderi GR. Use of articulating spacer technique in 
revision total knee arthroplasty complicated by sepsis: a systematic meta-analy-
sis. Orthopedics. 2017;40:212–220.

 15. Muhlhofer HM, Pohlig F, Kanz KG, et al. Prosthetic joint infection develop-
ment of an evidence-based diagnostic algorithm. Eur J Med Res. 2017;22:8.

 16. Haddad FS, Ngu A, Negus JJ. Prosthetic joint infections and cost analysis? Adv 
Exp Med Biol. 2017;971:93–100.

 17. Fedorka CJ, Chen AF, Pagnotto MR, Crossett LS, Klatt BA. Revision total 
knee arthroplasty with porous-coated metaphyseal sleeves provides radiographic 
ingrowth and stable fixation [published online ahead of print March 17, 2017]. 
Knee Surg Sports Traumatol Arthrosc. doi:10.1007/s00167-017-4493-y.

 18. W-Dahl A, Robertsson O, Lidgren L. Surgery for knee osteoarthritis in younger 
patients. Acta Orthop. 2010;81:161–164.

 19. Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future young patient 
demand for primary and revision joint replacement: national projections from 
2010 to 2030. Clin Orthop Relat Res. 2009;467:2606–2612.

 20. Scott CE, Oliver WM, MacDonald D, Wade FA, Moran M, Breusch SJ. Pre-
dicting dissatisfaction following total knee arthroplasty in patients under 
55 years of age. Bone Joint J. 2016;98:1625–1634.

 21. Stambough JB, Clohisy JC, Barrack RL, Nunley RM, Keeney JA. Increased risk 
of failure following revision total knee replacement in patients aged 55 years and 
younger. Bone Joint J. 2014;96:1657–1662.

 22. Meehan JP, Danielsen B, Kim SH, Jamali AA, White RH. Younger age is asso-
ciated with a higher risk of early periprosthetic joint infection and aseptic 
mechanical failure after total knee arthroplasty. J Bone Joint Surg Am. 
2014;96:529–535.

 23. Parvizi J, Nunley RM, Berend KR, et al. High level of residual symptoms in 
young patients after total knee arthroplasty. Clin Orthop Relat Res. 
2014;472:133–137.

 24. Gabriel SM, Clifford AG, Maloney WJ, O’Connell MK, Tornetta P III. 
Unloading the osteoarthritic knee with a novel implant system. J Appl Biomech. 
2013;29:647–654.

https://www.cdc.gov/vitalsigns/arthritis/index.html
https://www.cdc.gov/vitalsigns/arthritis/index.html


Slynarski et al 9

 25. Hayes DA, Waller CS, Li CS, Vannabouathong C, Sprague S, Bhandari M. 
Safety and feasibility of a KineSpring knee system for the treatment of osteoar-
thritis: a case series. Clin Med Insights Arthritis Musculoskelet Disord. 
2015;8:47–54.

 26. London NJ, Smith J, Miller LE, Block JE. Midterm outcomes and predictors of 
clinical success with the KineSpring knee implant system. Clin Med Insights 
Arthritis Musculoskelet Disord. 2013;6:19–28.

 27. Madonna V, Condello V, Piovan G, Screpis D, Zorzi C. Use of the KineSpring 
system in the treatment of medial knee osteoarthritis: preliminary results. Joints. 
2015;3:129–135.

 28. BS EN International Organization for Standardization (ISO) 14155:2011. Clini-
cal investigation of medical devices for human subjects—Good clinical practice.

 29. Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome Score 
(KOOS): validation and comparison to the WOMAC in total knee replacement. 
Health Qual Life Outcomes. 2003;1:17.

 30. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation 
study of WOMAC: a health status instrument for measuring clinically impor-
tant patient relevant outcomes to antirheumatic drug therapy in patients with 
osteoarthritis of the hip or knee. J Rheumatol. 1988;15:1833–1840.

 31. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical 
rating system. Clin Orthop Relat Res. 1989;(248):13–14.

 32. Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical impor-
tance of treatment outcomes in chronic pain clinical trials: IMMPACT recom-
mendations. J Pain. 2008;9:105–121.

 33. Health Quality Ontario. Intra-articular viscosupplementation with hylan g-f 20 
to treat osteoarthritis of the knee: an evidence-based analysis. Ont Health Technol 
Assess Ser. 2005;5:1–66.

 34. Wang ZY, Shi SY, Li SJ, et al. Efficacy and safety of duloxetine on osteoarthritis 
knee pain: a meta-analysis of randomized controlled trials. Pain Med. 
2015;16:1373–1385.

 35. Miller LE, Sode M, Fuerst T, Block JE. Joint unloading implant modifies sub-
chondral bone trabecular structure in medial knee osteoarthritis: 2-year out-
comes of a pilot study using fractal signature analysis. Clin Interv Aging. 
2015;10:351–357.

 36. Duivenvoorden T, Brouwer RW, Baan A, et al. Comparison of closing-wedge 
and opening-wedge high tibial osteotomy for medial compartment osteoarthritis 
of the knee: a randomized controlled trial with a six-year follow-up. J Bone Joint 
Surg Am. 2014;96:1425–1432.

 37. Huizinga MR, Gorter J, Demmer A, Bierma-Zeinstra SM, Brouwer RW. 
Progression of medial compartmental osteoarthritis 2-8 years after  
lateral closing-wedge high tibial osteotomy [published online ahead of  
print July 7, 2016]. Knee Surg Sports Traumatol Arthrosc. doi:10.1007/
s00167-016-4232-9.

 38. van Egmond N, van Grinsven S, van Loon CJ, Gaasbeek RD, van Kampen A. 
Better clinical results after closed- compared to open-wedge high tibial osteot-
omy in patients with medial knee osteoarthritis and varus leg alignment. Knee 
Surg Sports Traumatol Arthrosc. 2016;24:34–41.

 39. Cook JA. The challenges faced in the design, conduct and analysis of surgical 
randomised controlled trials. Trials. 2009;10:9.

 40. Farrokhyar F, Karanicolas PJ, Thoma A, et al. Randomized controlled trials of 
surgical interventions. Ann Surg. 2010;251:409–416.

 41. Wartolowska K, Collins GS, Hopewell S, et al. Feasibility of surgical ran-
domised controlled trials with a placebo arm: a systematic review. BMJ Open. 
2016;6:e010194.


