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Abstract: The purpose of this study was to (1) evaluate joint pain and function in knee osteoarthritis (OA) patients treated with a 
joint-sparing, extracapsular implant and (2) identify patient characteristics that influenced clinical outcomes. This study included 99 
patients with symptomatic medial knee OA refractory to conservative care who were treated with the KineSpring Knee Implant System 
and followed for a mean of 17 months (range, 1.5 to 48 months). All devices were successfully implanted and activated with no intra-
operative complications. Statistically significant mean improvements of 56%, 50%, and 38% were observed for Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) Pain, Function, and Stiffness scales, respectively (all P , 0.001). Regardless 
of gender, age group, body mass index classification, or disease severity, all WOMAC domain scores significantly improved during 
the postoperative follow-up period. WOMAC clinical success rates were 77.8% for Pain, 77.8% for Function, and 68.7% for Stiffness. 
Neither gender, age group, body mass index classification, nor disease severity predicted clinical success in any WOMAC domain. In 
conclusion, the KineSpring System yields clinically meaningful improvements in joint pain and function in patients with medial knee 
OA. Additionally, unlike joint-altering procedures such as knee arthroplasty or high tibial osteotomy, patient characteristics had little 
association with postoperative clinical outcomes.
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Introduction
Osteoarthritis (OA) is characterized by progressive 
destruction and the subsequent failure to repair 
damaged cartilage, bone, and synovial tissue. OA most 
commonly affects the knee, with 27 million American 
adults diagnosed with knee OA.1 The primary risk factor 
for knee OA development is chronic, excessive and/or 
aberrant joint loading.2 Approximately 50% of patients 
with radiographic evidence of OA are symptomatic,3 
with joint pain and stiffness presenting as the cardinal 
signs of disease. The prevalence of symptomatic knee 
OA has increased substantially over the last several 
decades,4 and this trend is expected to continue for 
decades to come.5

Current treatments do not prevent or cure knee 
OA. Despite the widespread utilization of non surgical 
therapies to ameliorate knee OA symptoms, disease 
progression is unaffected by these treatments.6 In 
fact, conservative therapies may actually hasten OA 
progression by encouraging greater mechanical load-
ing at the medial compartment.7–9 The typical disease 
course ultimately entails inconsistent, but reliable, 
progression after initial onset. Patients with mild or 
moderate disease commonly linger in the “treatment 
gap,” a period defined as the time from exhaustion 
of nonoperative treatment to surgical intervention 
and characterized by a period of years and often 
decades in which the patient experiences debilitating 
pain, reduced quality of life, and a significant finan-
cial burden.6 For patients with end-stage knee OA, 
total knee or unicompartmental arthroplasty is a cost 
effective surgical treatment.10,11 However, patients are 
extremely reluctant to undergo this invasive surgical 
procedure,12–14 and clinical outcomes frequently fall 
short of patient expectations.15

Many studies have attempted to identify patient-
related factors that influence outcomes following knee 
arthroplasty. Young age and obesity are often considered 
relative contraindications to knee arthroplasty due to 
inferior outcomes reported in some studies in these 
patients.16,17 Effective and acceptable alternatives to 
knee arthroplasty are desperately needed, particularly 
in patients at high risk of perioperative complications 
or prosthesis failure.

Implantable medical devices have been utilized 
across many therapeutic areas with the goal of 
safely and effectively treating a condition while 

eliminating or reducing the complications associated 
with open surgery due to a less invasive procedure. 
The ideal characteristics of such a device for knee 
OA would include excellent patient safety, clinically 
meaningful improvements in joint pain and function, 
and minimal soft tissue and osseous disruption 
regardless of patient characteristics. Chronic excessive 
and/or abnormal joint loading is a major risk factor 
for knee OA.18,19 Conversely, joint unloading has 
been postulated to encourage cartilage healing.2,20 
The purpose of this study was to evaluate joint 
pain and function in knee OA patients treated with 
a joint-sparing, extracapsular implant. A secondary 
goal of this study was to identify baseline patient 
characteristics that influenced clinical outcomes.

Methods
ethics
This paper describes the collective clinical experience 
with the KineSpring System (Moximed, Inc., 
Hayward, CA, USA) across 3 clinical trials. The 
OASYS and OAKS clinical trials were registered 
at the Australian New Zealand Clinical Trials 
Register (ANZCTR) as ACTRN12608000451303 and 
ACTRN12609001068257, respectively. The COAST 
clinical trial was registered at International Standard 
Randomized Controlled Trial Number Register as 
ISRCTN63048529. Each clinical trial was approved 
by local hospital ethics committees and all subjects 
gave written informed consent to participate in 
accordance with the principles set forth by the 
Declaration of Helsinki.

Patients
Study entry criteria were similar among the clinical 
trials. The primary common inclusion criteria 
included age 25 years and older and symptomatic, 
radiographically confirmed medial knee OA resistant 
to nonoperative care. The main common exclusion 
criteria included symptomatic lateral compartment or 
patellofemoral OA, varus alignment . 10 degrees, 
inflammatory joint disease, prior traumatic knee 
injury, moderate to severe osteoporosis, previous 
surgery at the target knee, symptomatic instability, 
current smoking, active infection, and clinically 
significant comorbidity (eg, uncontrolled diabetes 
mellitus).
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Pretreatment procedures
Baseline assessments included inclusion/exclusion 
criteria evaluation, a complete clinical and orthopedic 
examination, and medical history. Imaging studies 
included standing X-rays (anteroposterior, lateral, 
and sunrise views) and magnetic resonance 
imaging. Disease severity was classified using 
the Kellgren-Lawrence (K-L) grading scale21 
where 0 = normal; 1 = possible osteophyte, no joint 
space narrowing; 2 = definite osteophyte, possible 
joint space narrowing; 3 = multiple osteophytes, 
definite joint space narrowing, sclerosis, and possible 
deformity of bone ends; and 4 = large osteophytes, 
marked joint space narrowing, severe sclerosis, and 
definite deformity of bone ends. Patient-reported 
outcomes were measured with the Western Ontario 
and McMaster Universities Osteoarthritis Index 
(WOMAC) version 3.1.22 The WOMAC was designed 
to measure pain and dysfunction associated with OA 
of the lower extremities by assessing 5 pain-related 
activities, 17 functional activities, and 2 stiffness 
categories. Each item is based on recall over 
the previous 48 hours and is scored on a 0 to 4 scale 
where 0 represents none and 4 represents extreme. 
The scores are then normalized to a 0 to 100 scale, 
where a higher score represents a worse outcome.

Device details
The KineSpring System (Fig. 1) is a minimally 
invasive knee implant that is specifically designed 
to fill the therapeutic gap between nonoperative care 
and invasive surgical interventions. The KineSpring 
System consists of titanium alloy femoral and tibial 
bases and a cobalt/cobalt chrome alloy absorber 
that reduces the load carried by the diseased medial 
compartment of the knee joint during the stance phase 
of gait (Fig. 2).

The KineSpring System is both extra-articular and 
extracapsular. Implantation of the device is achieved 
without resection of bone, muscle, or ligaments, 
and without violation of the joint capsule. The load 
absorber resides in the subcutaneous tissue on the 
medial aspect of the knee and is positioned superficial 
to the medial collateral ligament. Device implantation 
without joint invasion means that the option of future 
device explant remains, if needed, thereby leaving the 
joint in its pretreatment state.

Figure 1. The KineSpring System, medial view. reproduced with permis-
sion from Moximed.

Figure 2. Components of the KineSpring System. (A) Femoral base, (B)  
absorber, and (c) tibial base. reproduced with permission from Moximed.
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The kinematics of this novel device accommodate 
the natural motions of the knee joint by utilizing two 
ball-and-socket joints. The device accommodates 
the wide range of normal physiological knee 
motion with the capability for unlimited internal-
external rotation, 50° varus-valgus angulation (35° 
in the OASYS study), and 155° flexion-extension 
movement.

The KineSpring System absorbs a maximum 
load of 30 pounds during full knee extension, 
corresponding to the stance phase of gait, which is 
comparable to lower knee adduction moments across 
a wide range of body weights and reduces chronic 
medial compartment loading without significant 
increases in lateral compartment loading. This 
magnitude of unloading is comparable to the amount 
of body weight loss shown to improve function and 
alleviate knee pain in OA patients.23

Procedural details
A detailed description of the surgical procedure 
for KineSpring System implant has been reported 
elsewhere.24 Briefly, the patient was placed supine 
with the operative leg elevated on a foot roll to allow 
a clear lateral radiographic view free from overlay of 
the contralateral limb. After surgical preparation and 
draping, a fluoroscopic C-arm was positioned to obtain 
a true lateral radiograph of the distal femur. The distal 
femur was exposed via a small incision and standard 
subvastus approach, taking care to ensure hemostasis 
from the superior medial geniculate vessels. The 
femoral center of rotation about which the implant will 
rotate was established under fluoroscopic guidance. 
Femoral base templates were trialed to obtain best 
anatomical fit. Correct rotational alignment of the 
femoral base was confirmed by a radiopaque marker 
at the distal end of the femoral base, which confirmed 
appropriate positioning of the absorber unit to the tibia. 
The chosen femoral base was then applied to the femur 
with cancellous compression and locking screws.

A second small incision was then made over 
the proximal subcutaneous surface of the tibia. 
The periosteum was elevated from the tibia and, 
posteriorly, the sartorious fascia was optionally 
elevated a few millimeters. The tibial base was 
seated on bone anterior to the pes anserine insertion. 
A subcutaneous tunnel was then prepared using blunt 
dissection between the two incisions.

On a back table, the tibial base and absorber unit 
were coupled for insertion. The tibial base/absorber 
assembly was then delivered from the distal wound 
through the subcutaneous pathway with the knee in 
slight flexion. To assist with coupling of the device, 
the knee was then flexed to approximately 45°. 
The absorber unit was then docked and locked to the 
femoral base. With the knee extended once more, 
alignment to the tibia was confirmed. The joint space 
was closed by applying a varus force to the knee at 
the point of maximal tibial wear (usually ,10° of 
flexion). With the knee in this position, the tibial 
base was secured to the tibia. The load absorber was 
then activated, allowing elongation of the spring to 
resting length. Joint motion was assessed in both 
the anteroposterior and lateral planes before normal 
closure.

Patients were physically capable of bearing full 
body weight immediately following surgery. Braces 
and splints were not required; physical therapy and 
crutches were recommended at the discretion of the 
surgeon. Patients were advised to limit the amount 
of activity for the first 2 weeks to allow the surgical 
incision sites to heal properly.

Follow-up
Patients were followed through hospital discharge 
and returned for visits at 2 weeks, 6 weeks, 3 months, 
6 months, and annually thereafter. Each visit included 
a complete clinical and orthopedic examination. 
Standing X-rays (anteroposterior, lateral, and sunrise 
views) were performed at discharge, 6 months, and 
annually thereafter. Magnetic resonance imaging was 
performed at 1 and 2 years in the OASYS and OAKS 
trials. The WOMAC questionnaire was administered 
at 6 weeks and at all subsequent follow-up visits. 
Patient follow-up is ongoing through 5 years.

Data analysis
Patients from each clinical trial with a minimum 
of 6-week postoperative data were included in this 
analysis. The final available follow-up data point 
was used for analysis purposes. Patients were 
stratified by gender, age (,50 years, 50–59 years, 
and $60 years), body mass index (BMI) (,30 kg/m2 
[non-obese] and $30 kg/m2 [obese]), and K-L grade 
(I or II, III, and IV). Continuous data were reported 
as mean ± standard deviation (SD) and categorical 
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data were reported as frequencies and percentages. 
Longitudinal changes in clinical outcomes were 
assessed with repeated measures analysis of 
variance. Clinical success for each WOMAC 
domain was defined as a $20% improvement from 
baseline.25 Univariate and multivariate logistic 
regression models were used to identify baseline 
predictors of WOMAC success. Independent 
variables that loaded into the model at P , 0.1 were 
included in the multivariate model. A P value , 0.05 
was considered statistically significant. Data were 
analyzed using Predictive Analytics Software (v. 18, 
SPSS, Inc., Chicago, IL).

Results
Patients
A total of 99 patients met the inclusion criteria for 
this study. Mean follow-up was 17 months (range, 
1.5 to 48 months). Baseline patient characteristics 
are presented in Table 1. Patients were predominantly 
(75%) male, middle-aged (mean, 52 years; range, 
31 to 75 years), with a mean BMI of 30 kg/m2 who, 
despite exhausting conservative treatments, suffered 
from moderate knee OA pain and dysfunction with a 
severity comparable to patients undergoing total knee 
arthroplasty (TKA).15,26

Clinical outcomes
Technical success was 100%; all devices were 
successfully implanted and activated with no 
intraoperative complications. Mean operative time 
was 67 ± 17 minutes, median blood loss was 0 cc 
(range, 0 to 500 cc), and median hospital stay was 
1 day (range, 1 to 13 days). Statistically significant 
improvements were observed in all domains of the 
WOMAC questionnaire following implant with the 
KineSpring System. The mean WOMAC Pain score 
decreased from 45 ± 17 at pretreatment to 20 ± 18 at final 
follow-up, representing a 56% overall improvement 
(P , 0.001). WOMAC Function scores improved 
from 44 ± 18 at pretreatment to 22 ± 18, a 50% 
improvement (P , 0.001). WOMAC Stiffness scores 
improved from 52 ± 21 at pretreatment to 32 ± 24 at 
final follow-up, a 38% improvement (P , 0.001).

Influence of baseline characteristics 
on WOMAC scores
The influence of baseline characteristics on changes 
in WOMAC scores is detailed in Tables 2–4. Within 
each gender, age group, BMI classification, and K-L 
grade, all WOMAC domain scores significantly 
improved during the postoperative follow-up period. 
Neither gender, age group, nor K-L grade influenced 
changes in WOMAC scores. However, obese patients 
experienced significantly greater improvements in 
all WOMAC domains in comparison with nonobese 
patients. Specifically, WOMAC improvements in 
obese versus nonobese patients were 60% versus 48% 
for WOMAC Pain, 58% versus 39% for WOMAC 
Function, and 47% versus 24% for WOMAC  Stiffness 
(all time-by-group P values , 0.01).

WOMAC success rates
WOMAC clinical success rates were 77.8% for 
Pain, 77.8% for Function, and 68.7% for Stiffness. 
The distribution of WOMAC clinical success rates 
according to baseline characteristic classification is 
presented in Table 5, and univariate predictors of 
WOMAC clinical success are presented in Table 6. 
For WOMAC Pain and Function clinical success, 
only one variable loaded into each model between 
a P value of 0.05 and 0.10. Therefore, multivariate 
analysis was not  performed. For WOMAC Stiffness 
clinical success, BMI and pretreatment WOMAC 
Stiffness each loaded into the model at P , 0.1. 

Table 1. Baseline subject characteristics.

Variable Mean ± sD or n (%) 
(n = 99)

gender, n (%)
 Male 74 (75)
 Female 25 (25)
Age, yr 52 ± 9
 ,50 33 (33)
 50–59 46 (47)
 $60 20 (20)
Body mass index, kg/m2 30 ± 5
 ,30 48 (48)
 $30 51 (52)
Kellgren-Lawrence grade* 3.0 ± 0.7
 I 2 (3)
 II 10 (15)
 III 37 (57)
 IV 16 (25)
WOMAC subscores
 Pain 45 ± 17
 Function 44 ± 18
 Stiffness 52 ± 21

note: *n = 65.
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Table 2. Changes in WOMAC pain scores by baseline characteristic.

Variable WOMAc pain P value
pre Final Mean Mean % Time Time-by-group

Absolute Decrease
Decrease

gender, n (%)
 Male (n = 74) 44 ± 18 20 ± 18 24 55 ,0.001 0.98
 Female (n = 25) 47 ± 12 20 ± 16 24 51 ,0.001
Age, yr
 ,50 (n = 33) 43 ± 16 17 ± 17 26 60 ,0.001 0.75
 50–59 (n = 46) 46 ± 18 23 ± 17 23 50 ,0.001
 $60 (n = 20) 45 ± 15 20 ± 18 25 56 ,0.001
Body mass index, kg/m2

 ,30 (n = 48) 40 ± 16 21 ± 19 19 48 ,0.001 0.004
 $30 (n = 51) 50 ± 16 20 ± 17 30 60 ,0.001
Kellgren-Lawrence grade*
 I or II (n = 12) 40 ± 23 11 ± 19 28 70 0.001 0.47
 III (n = 37) 43 ± 17 20 ± 18 23 53 ,0.001
 IV (n = 16) 46 ± 17 27 ± 18 19 41 0.002

note:  *n = 65.

Table 3. Changes in WOMAC function scores by baseline characteristic.

Variable WOMAc function P value
pre Final Mean Mean % Time Time-by-group

Absolute Decrease
Decrease

gender, n (%)
 Male (n = 74) 43 ± 19 21 ± 18 22 51 ,0.001 0.91
 Female (n = 25) 46 ± 13 23 ± 19 23 50 ,0.001
Age, yr
 ,50 (n = 33) 41 ± 19 20 ± 17 21 51 ,0.001
 50–59 (n = 46) 47 ± 18 23 ± 19 24 51 ,0.001 0.85
 $60 (n = 20) 42 ± 14 20 ± 20 21 50 ,0.001
Body mass index, kg/m2

 ,30 (n = 48) 38 ± 16 22 ± 20 15 39 ,0.001 0.001
 $30 (n = 51) 50 ± 18 21 ± 17 29 58 ,0.001
Kellgren-Lawrence grade*
 I or II (n = 12) 40 ± 22 13 ± 17 27 68 0.003 0.57
 III (n = 37) 42 ± 17 22 ± 21 20 48 ,0.001
 IV (n = 16) 45 ± 16 27 ± 17 19 42 0.003

note: *n = 65.

In multivariate analysis, only pretreatment WOMAC 
Stiffness was predictive of WOMAC Stiffness clini-
cal success (odds ratio [OR] 1.04, 95% confidence 
interval [CI], 1.02–1.07). A second multivariate anal-
ysis that additionally included K-L grade as in inde-
pendent variable was performed, yielding a sample 
size of 65. K-L grade did not load into the model at 
P , 0.1 for any WOMAC clinical success  subscore. 

Therefore, this analysis is not  presented, and the 
model without K-L grade (n = 99) serves as the sole 
multivariate analysis.

Comparison of WOMAC successes  
and failures
Overall, baseline characteristics were not different 
between WOMAC clinical successes and failures. 
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Table 4. Changes in WOMAC Stiffness scores by baseline characteristic.

Variable WOMAc stiffness P value
pre Final Mean Mean % Time Time-by-group

Absolute Decrease
Decrease

gender, n (%)
 Male (n = 74) 49 ± 21 32 ± 24 18 37 ,0.001 0.27
 Female (n = 25) 58 ± 19 33 ± 24 25 43 0.001
Age, yr
  ,50 (n = 33) 48 ± 23 28 ± 26 19 40 ,0.001 0.46
  50–59 (n = 46) 54 ± 21 37 ± 23 17 31 ,0.001
  $60 (n = 20) 53 ± 17 26 ± 24 26 49 ,0.001
Body mass index, kg/m2

  ,30 (n = 48) 42 ± 19 32 ± 28 10 24 0.02 0.002
  $30 (n = 51) 60 ± 19 32 ± 21 28 47 ,0.001
Kellgren-Lawrence grade*
 I or II (n = 12) 49 ± 25 20 ± 20 29 59 0.002 0.26
 III (n = 37) 51 ± 21 34 ± 29 17 33 0.004
 IV (n = 16) 49 ± 18 38 ± 18 11 22 0.04

note: *n = 65.

Table 5. WOMAC clinical success rates ($20% improve-
ment): overall and by baseline characteristic.

Variable WOMAc domain
pain Function stiffness

All subjects (n = 99) 77.8 77.8 68.7
gender, n (%)
 Male (n = 74) 75.7 75.7 67.6
 Female (n = 25) 84.0 84.0 72.0
Age, yr
 ,50 (n = 33) 84.9 78.8 69.7
 50–59 (n = 46) 76.1 80.4 63.0
 $60 (n = 20) 70.0 70.0 80.0
Body mass index, kg/m2

 ,30 (n = 48) 70.8 70.8 60.4
 $30 (n = 51) 84.3 84.3 76.5
Kellgren-Lawrence grade*
 I or II (n = 12) 83.3 83.3 83.3
 III (n = 37) 75.7 75.7 70.3
 IV (n = 16) 68.8 68.8 56.3

note: *n = 65.

Subjects with clinical success in WOMAC Function 
had higher baseline WOMAC Function scores, while 
 subjects with clinical success in WOMAC Stiffness 
had higher baseline WOMAC Stiffness scores. No 
other statistical differences were detected in base-
line characteristics between WOMAC successes and 
failures.

Discussion
The collective outcomes from 3 prospective clini-
cal trials demonstrate that the KineSpring System 
offers clinically meaningful improvements in pain, 
 function, and stiffness in patients with medial knee 
OA.  Additionally, gender, age, BMI, and disease 
severity had little association with clinical outcomes, 
a finding in sharp contrast to many studies of knee 
arthroplasty and high tibial osteotomy.

Osteoarthritis symptom severity in patients treated 
with the KineSpring System was comparable to that 
of patients undergoing unicompartmental or total knee 
arthroplasty or high tibial osteotomy. The magnitude 
of clinical improvement at a mean of 17 months post-
treatment with the KineSpring System was comparable 
to outcomes of knee arthroplasty. In the current study, 
pretreatment WOMAC scores ranged from 44 to 52, 
and WOMAC improvements following  KineSpring 
implant ranged from 38% for Stiffness to 56% for Pain. 
Several clinical studies of patients who underwent 
unicompartmental or total knee arthroplasty reported 
mean WOMAC improvements ranging from 43% to 
73%, depending on subscore and surgery type.26,27 
Similar WOMAC improvements have been observed 
following open and closed wedge tibial osteotomy.28

Obese patients experienced greater clinical 
improvements in all WOMAC scores compared with 
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Table 7. Baseline subject characteristics of WOMAC clinical successes and failures.

Variable WOMAc domain
pain Function stiffness
success Failure success Failure success Failure

Male gender, % 73 82 73 82 74 77
Age, yr 52 ± 9 55 ± 7 52 ± 9 54 ± 8 52 ± 9 53 ± 9
Body mass index, kg/m2 30 ± 5 29 ± 4 31 ± 5 29 ± 4 31 ± 5 29 ± 5
Kellgren-Lawrence grade* 3.0 ± 0.7 3.1 ± 0.8 3.0 ± 0.7 3.1 ± 0.8 3.0 ± 0.7 3.2 ± 0.8
WOMAC subscores
 Pain 46 ± 16 42 ± 18 45 ± 18 43 ± 11 45 ± 18 46 ± 13
 Function 45 ± 18 40 ± 16 45 ± 19** 39 ± 12 44 ± 19 43 ± 15
 Stiffness 53 ± 22 47 ± 15 52 ± 22 48 ± 15 56 ± 20*** 41 ± 18

notes: *n = 65; **P , 0.05; ***P , 0.001.

Table 6. Univariate baseline predictors of WOMAC success ($20% improvement) at final postoperative follow-up.

pain Function stiffness
0.09 Age 0.08 Body mass index ,0.001 WOMAC stiffness
0.17 Body mass index 0.11 WOMAC function 0.08 Body mass index
0.20 WOMAC function 0.30 Age 0.68 gender
0.26 WOMAC stiffness 0.39 gender 0.70 WOMAC function
0.29 WOMAC pain 0.41 WOMAC stiffness 0.76 WOMAC pain
0.39 gender 0.63 WOMAC pain 0.90 Age

notes: Cell values are P values. Model includes gender, age, body mass index, and pretreatment WOMAC pain, function, and stiffness scores.

nonobese patients. However, over 7 in 10 nonobese 
patients achieved WOMAC Pain or Function clini-
cal success, a finding that underscores the utility of 
the KineSpring System regardless of BMI. While 
the reasons for the slightly better outcomes in obese 
patients are unclear, we speculate that the etiology of 
knee OA in the obese is strongly related to chronic, 
excessive loading at the knee joint whereas disease 
etiology in the nonobese patient is related to other 
factors such as aberrant loading patterns, intense 
physical activity, and/or previous trauma. Support 
for this hypothesis includes the exponential increase 
in knee OA risk at and above a BMI of 30 kg/m2,29 
as well as higher rates of previous injury and meni-
sectomy in normal weight versus obese knee OA 
patients.30 Others have similarly concluded that 
previous sports-related injury partially explains the 
recent exponential utilization in TKA, independent 
of obesity.31 Unfortunately, a comprehensive medi-
cal and physical activity history was unavailable for 
the patients in the current study, and, therefore, we 

could not further explore this  hypothesis. Regardless 
of disease etiology, results from this study support 
the use of the KineSpring System in obese and non-
obese patients alike.

In contrast to the findings of the current study, knee 
arthroplasty in obese patients is associated with infe-
rior outcomes. A recent meta-analysis by Kerkhoffs 
et al32 that included over 15,000 TKA patients con-
cluded that obesity is associated with higher rates of 
infection (OR = 1.9), deep infection (OR = 2.4), and 
revision surgery (OR = 1.3). Obese patients also have 
significantly higher postsurgical WOMAC scores ver-
sus the nonobese.33 Additionally, age and gender are 
known influencers of acute postoperative pain, clini-
cal outcomes, functional limitations, length of hospi-
tal stay, and mortality following knee arthroplasty.34–36 
With the exception of age and physical activity status, 
the indications for high tibial osteotomy are similar 
to those for knee arthroplasty. As such, high tibial 
osteotomy is generally contraindicated in the obese 
patient37 since obesity is an independent risk factor 
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for major surgical complications.38 This suggests 
that clinical outcomes with the KineSpring System 
are favorable in patients who may be denied knee 
arthroplasty or high tibial osteotomy due to relative 
 contraindications including obesity, advanced age, 
and/or female gender.

In conclusion, the KineSpring System yields clini-
cally meaningful improvements in joint pain and func-
tion in patients with medial knee OA.  Additionally, 
patient characteristics had little association with post-
operative clinical outcomes.
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