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Abstract

Purpose: the purpose of  this study was to analyze our
preliminary results obtained with the Kinespring sy -
stem in patients suffering from medial compartment
knee osteoarthritis (oA). 
Methods: between september 2012 and May 2014, 53
patients underwent treatment with the Kinespring
system. Patient self-assessment was performed pre-
operatively and at 3, 6 and 12 months postoperatively,
and included the Koos, tegner activity score,
Lysholm functional knee score, VAs knee pain score,
and iKDC score. Device- and procedure-related
adverse events were recorded. 
Results: mean Koos subscales, except for the
sport/Recreation subscale at six months, improved
over time. Mean WoMAC Pain and Function
domains, Lysholm score, iKDC score and VAs knee
pain score improved over the follow-up period and
were significantly improved at 3, 6 and 12 months
postoperatively compared to baseline. Mean tegner
score improved slightly over time. in 5 of  the 53
(9.4%) patients re-operation was necessary. in 3 pa -
tients the device was removed due to infection (one
case) or persistent knee pain (two cases). surgical arth-
rolysis was performed in two patients. 
Conclusions: in our preliminary experience, the
Kinespring system gave good short-term clinical re -
sults. 

Level of  evidence: Level iV, therapeutic case series.

Keywords: Kinespring, medial compartment, knee
osteoarthritis, varus, unloading.

Introduction

Knee osteoarthritis (oA) is a common progressive
degenerative disease affecting about 13% of  females
and 10% of  males aged 60 years and older (1). it is
one of  the leading causes of  musculoskeletal pain and
disability in the adult population. over the last cen-
tury, changes in lifestyle and an increase in physical
activity across all age groups have led to a higher inci-
dence of  knee oA affecting a younger population. 
Knee oA, especially in the early phase and in younger
patients, is often limited to a single compartment.
During normal gait, the medial compartment bears
60-80% of  the load acting on the knee, and this likely
predisposes this compartment to an increased inci-
dence and faster progression of  joint degeneration
(2). Furthermore, when varus knee alignment is pre-
sent the peak adduction moment increases, resulting
in a commensurate increase in medial compartment
loads (3, 4). Medial compartment loads are further
increased following injury or meniscectomy of  the
medial meniscus. Medial knee oA in the middle-aged
patient is one of  the most challenging pathologies to
treat. often there is mild to moderate radiographic
oA (Kellgren-Lawrence grade i-iii), nevertheless
patients typically complain that they are unable to
participate in sports and recreational activities, or
stand for a long time.  
non-surgical treatments such as wedged insoles, knee
braces, weight loss and muscular strength training
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reduce knee joint loading and may alleviate oA
symptoms; however, these treatments rarely achieve
long-term control of  symptoms (5). Especially when
medial meniscal tears are present, which they very fre-
quently are in this age group, arthroscopic meniscec-
tomy is not able to improve symptoms but, conversely,
may worsen them. When a moderate to severe varus
deformity is present, high tibial osteotomy (Hto) is
the gold standard surgical treatment. With more neu-
tral leg alignment, unicompartmental knee arthro-
plasty (UKA) has been the only viable option, howe-
ver in younger patients, UKA is associated with an
increased risk of  polyethylene wear and a lower survi-
val rate due to higher activity demands (6).
there is a clear need for novel treatments to fill the
therapeutic gap between ineffective non-surgical treat-
ment and invasive surgical options with limited dura-
bility and safety. the ideal treatment should stop the
progression of  the degenerative process and alleviate
the pain without altering the anatomy and biomecha-
nics of  the knee joint. 
Gabriel et al. presented a new unloading device desi-
gned to fulfill these objectives (7). they described the
first generation of  the Kinespring® Knee implant
system (Moximed, Hayward, CA, UsA), which is an
extra-articular and extra-capsular load absorber. the
aim of  this device was to offer a minimally invasive,
joint-sparing and reversible procedure. Recently,
London et al. described the collective clinical expe-
rience gained from 99 patients enrolled across three
clinical trials with a mean follow-up of  17 months.
they concluded that Kinespring provides an effective
therapeutic option for medial knee oA (8, 9). to date,
very few clinical studies have reported results obtained
with the current generation of  Kinespring. the pur-
pose of  this study is to report and discuss our prelimi-
nary results obtained with the single spring
Kinespring implant in 53 patients affected by medial
compartment oA. 

Methods

Participants
Between september 2012 and May 2014, 53 patients
(45 males and 8 females) underwent treatment with
the Kinespring system and are included in this analy-
sis. they had a mean age of  54.2+6.8 years (range,

40.1 - 68.2 years) and an average body mass index of
27.4+2.6 (range, 22.5 - 32.3).
All the patients underwent a thorough preoperative
assessment including standard knee X-rays, axial patel-
lar projections, weight-bearing full-length lower limb
radiographs, magnetic resonance imaging, clinical exa-
mination and standard preoperative blood tests.
Patients were included if  they fulfilled the following cri-
teria: 40 to 70 years of  age with symptomatic, radiogra-
phically-confirmed medial knee oA resistant to non-
operative care (Fig. 1). Exclusion criteria were: sympto-
matic lateral or patellofemoral compartment oA, radio-
graphic signs of  lateral or patellofemoral oA > grade
ii, varus alignment > 10 degrees, inflammatory joint
disease, moderate to severe osteoporosis, anteroposte-
rior or varus-valgus instability, and active infection. 

Fig. 1. Preoperative standard AP (A) and lateral (B) X-rays and one-
year postoperative X-rays (C-D).
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Surgical Technique
All surgeries were performed by the same surgeon at
our institution.
the patient is placed supine with the operative leg ele-
vated on a foot roll and the contralateral limb slightly
lowered to allow unobstructed fluoroscopic view. the
surgical approach to the distal femur consists of  a
straight skin incision, approximately 5 cm long, star-
ting from the medial epicondyle and directed proxi-
mally and anteriorly. the fascia is dissected 2 mm
from the vastus medialis obliquus muscle fibers via a stan-
dard subvastus approach and tissues are bluntly retrac-
ted exposing the periosteal tissue surrounding the
medial femoral condyle. A C-arm is positioned under-
neath the operating table with the imaging head exten-
ding above the patient. once a true lateral radiogra-
phic view of  the distal femur is established, the femo-
ral target position is selected under fluoroscopic gui-
dance and a K-wire is inserted into the target point.
With the knee in full extension an alignment guide is
placed over the femoral target K-wire. the guide is
then aligned parallel to the tibia long axis and at the
distal end of  the guide two K-wires are inserted
through the alignment guide into the tibia to define
the proximal starting point of  the tibial incision and
alignment of  the absorber. the alignment guide is
removed leaving only the three K-wires in place. 
A femoral trial tool helps the surgeon to decide on the
offset of  the femoral base. the selected femoral base
is positioned over the femoral K-wire and aligned cor-
rectly before being secured to the femur with one can-
cellous compression screw and three locking screws.  
A curved 7-cm incision is performed on the proximal
tibia. the pes anserinus is detached from its tibial inser-
tion and then a subfascial tissue tunnel (preferred by
the Author), or a standard subcutaneous tunnel, is
created from the distal incision towards the femoral
one using blunt dissection. 
the tibial plate is locked to the absorber and the ab -
sorber is placed in the tunnel through the tibial inci-
sion. the proximal end of  the absorber is then intro-
duced into the femoral base and locked to the base.
the correct offset of  the tibial base is assessed with
fluoroscopy in an anteroposterior projection, ensuring
that there is no impingement between the absorber
and medial soft tissue structures. 
in slight knee flexion, the medial joint space is closed
by applying a varus force to the knee. While varus

stress is applied, the tibial base is temporarily fixed
with two K-wires and then secured to the tibia, again
with one cancellous compression screw and three loc-
king screws. the load absorber is then activated by
cutting the restraining cable compressing the spring.
Before wound closure, it is important to verify that the
absorber is deactivated (uncompressed) after approxi-
mately 30° of  knee flexion and that no impingement
of  the device occurs through the full range of  motion
(RoM). the fascia surrounding the device should not
be too tight, and if  necessary, should be released (Fig.
2). A Redon-type drain is placed at the end of  surgery
and left in place for 24-48 hours. Partial weight bea-
ring is allowed from the day after surgery until two
weeks postoperatively. Unlimited knee flexion is per-
mitted after surgery as tolerated by the patient. 
All 53 patients were discharged from hospital between
two and three days after surgery with a specific reha-

bilitation protocol and a schedule of  follow-up visits.  
Outcome measurements
the patients returned for follow-up visits at two
weeks, one month, three months, six months and one
year, and annually thereafter.  Each evaluation inclu-
ded a complete clinical and orthopedic examination.
Patient self-assessments were performed pre-operati-
vely and at 3, 6, and 12 months postoperatively and
included the following scores: Koos, tegner activity
score, Lysholm functional knee score, VAs pain score
and iKDC score. intraoperative and postoperative ad -
verse events related to the device or the surgical pro-
cedure were also evaluated. 

Data analysis
All patients treated with the Kinespring system and
having at least three months of  postoperative data
available were included in this interim analysis.

Fig. 2. Subfascial positioning of the KineSpring device.
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Descriptive statistics were used to summarize the
patient group. Continuous data were reported as mean
± standard deviation (sD). P-values for changes in
patient-reported outcome scores were determined
using paired t-test comparison of  post-treatment
score with baseline. A p-value <0.05 was considered
statistically significant. Data were analyzed using sAs
software. WoMAC domains were calculated from the
individual Koos items: Pain corresponded to Koos
Pain items 5-9, stiffness to Koos symptom items 6-
7, and Function to Koos ADL (all 17 items).

Results

the procedure was successfully performed in all the
patients: all devices were successfully implanted wi-
thout intraoperative complications. 
since this is an interim analysis, not all the patients
have reached the final follow-up. Moreover, patients
who were referred to the hospital and lived further
away may not have been able to attend all follow-up
visits. the number of  patients therefore varies at the
different follow-up time points (Tab. 1).
Knee pain and function significantly improved after
Kinespring implantation. Mean Koos subscale scores
improved during the follow-up time. All subscale sco-
res were significantly different from the baseline values
at 6 and 12 months postoperatively (p<0.05), except
for the sport/Recreation score at 6 months (Fig. 3).
Mean WoMAC Pain and Function domains improved
over time and were significantly different compared to
baseline at 3, 6 and 12 months (p<0.05). Mean
stiffness was not different from baseline at any posto-
perative time point (Fig. 4). the mean Lysholm score
improved over time and the scores at 3, 6 and 12
months postoperatively were significantly different
from baseline (p<0.05) (Fig. 5). the mean iKDC sco-
res at 3, 6 and 12 months postoperatively were signifi-

cantly improved compared to baseline (p<0.05) (Fig.
6). the mean VAs pain score improved over time and
the scores at 3, 6 and 12 months postoperatively were
significantly different from the baseline score (p<0.05)
(Fig. 7). the mean tegner score improved slightly over
time, however none of  the postoperative scores was
significantly different from baseline (Fig. 8).
Re-operations were necessary in 5 of  the 53 (9.4%)
patients. in one case the Kinespring device was remo-
ved due to infection. the patient started to present
with signs and symptoms of  infection two months
after surgery. in agreement with an infectivologist,
antibiotic therapy with trimethoprim/sulfamethoxa-

Table 1. number of  patients (n) available for analysis of  patient-
reported outcome scores.

Time point                                                                  N
                                                                                     
Baseline                                                                         45
three-month follow-up                                                14
six-month follow-up                                                     24
twelve-month follow-up                                               10

Fig. 3. All KOOS subscales significantly improved compared to base-
line values at 6 and 12 months postoperatively (p<0.05), except for
the Sport/Recreation score at six months.

Fig. 4. Mean WOMAC Pain and Function domains significantly impro-
ved compared to baseline at three, six and 12 months (p<0.05). Mean
Stiffness was not different from baseline at any postoperative time
point. 
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zole and rifampicin was administered for six weeks,
leading to partial resolution of  the symptoms. 
However, after termination of  the antibiotic therapy
clinical signs and symptoms of  infection recurred and
the Kinespring system was removed. two patients
presented with pain and stiffness which could not be
resolved with conservative therapy. the pain started
eight and 10 weeks after surgery respectively; it was
located on the medial aspect of  the knee. the pain
was not related to weight bearing or movement and
the patients stated that it was different from the preo-
perative pain. Kinespring removal resolved the pain.
However, six and eight months later the patients star-
ted to complain again of  the medial oA knee pain
they had experienced before Kinespring implantation.

Finally, in two cases surgical arthrolysis with release of
subcutaneous scar tissue was performed to treat stiff-
ness and limited RoM following implantation. these
patients experienced delayed recovery due to pro-
blems not related to the procedure and when seen
again at follow-up they presented with severe stiffness
and flexion contracture which was impossible to treat
conservatively. After surgical treatment they regained
complete extension and a mean knee flexion of  130°
(range 120-140°). the mean time to re-intervention
was 161.8±85.1 days (range, 92-291).
in the first fifteen patients who underwent Kinespring
implantation we observed delayed wound healing of
the tibial incision. We thus changed the tibial approach
to a curved skin incision in order to avoid stretching

KineSpring for medial knee osteoarthritis

Fig. 5. Mean Lysholm score significantly improved compared to base-
line at 3, 6 and 12 months (p<0.05).

Fig. 6. Mean IKDC score significantly improved compared to baseline
at 3, 6 and 12 months (p<0.05).

Fig. 7. Mean VAS pain score significantly improved compared to
baseline at 3, 6 and 12 months (p<0.05).

Fig. 8. Mean Tegner score improved slightly over time, however none
of the postoperative scores was significantly different from baseline.
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of  the skin during surgery and obtained good results
with wound healing. Eight patients complained of
pain on the medial aspect of  the knee that radiated
distally to the patella towards the lateral aspect of  the
leg. this symptom occurred between two and 10
weeks after surgery. the pain was related to a mid-fle-
xion position of  the knee and unrelated to weight bea-
ring.  We assumed that it was due to irritation of  the
infrapatellar branch of  the saphenous nerve. our hy -
pothesis was corroborated by the complete resolution
of  pain after subcutaneous injection of  anaesthetic
into the starting point of  the pain. All cases were suc-
cessfully treated with pregabalin (75 mg twice a day
for 5 days, then 150 mg twice a day for 20 days), with
pain resolution being achieved between two and three
months.

Discussion

the onset and progression of  knee oA are largely
caused by biomechanical factors such as excessive
mechanical stresses acting across the joint (10, 11).
Changing the adverse mechanical environment that
produced the predisposing conditions for oA is the
key to providing lasting relief  from symptoms and to
slowing down oA progression (12). it has been
demonstrated that after axial correction of  a varus
knee with Hto, biological changes occur in the chon-
dral tissue of  the affected compartment. Load redistri-
bution is able to allow a progressive repair process
through the formation of  fibrocartilage and remode-
ling of  the subchondral plate, which results to a cer-
tain degree in joint space widening and bone remode-
ling (13, 14). Yanai et al. conducted a preclinical study
on rabbits and demonstrated that in a full-thickness
cartilage defect of  the tibial plateau joint distraction
alone resulted in significant cartilage repair (15). A gait
simulation study on six cadaver knees has demonstra-
ted that Kinespring can successfully unload the medial
compartment of  the knee (7), but clinical experience
with Kinespring for the treatment of  knee oA is still
limited. London et al. (8, 9) reported good short-term
results with significant improvement in WoMAC and
VAs pain scores in 100 patients at one-year minimum
follow-up. our experience demonstrated that Kine -
spring is able to provide a significant improvement in
knee pain and function in selected patients. WoMAC

Pain and Function domains, as well as iKDC, Koos
and VAs pain scores all showed significant improve-
ment after surgery.  
Furthermore, this technique has several advantages
over other treatment methods such as Hto or UKA:
it is a true tissue-sparing procedure that does not alter
the knee biomechanics, and it is readily accepted by
patients, given the reversible nature of  the procedure.
However, it also became evident that the device af -
fects the surrounding soft tissues, causing symptoms
that are challenging to diagnose and treat correctly. in
our series, two patients suffered medial knee pain that
was very difficult to diagnose and to treat and required
removal of  the implant. irritation of  the infrapatellar
branch of  the saphenous nerve is a very painful con-
dition that affected 15% of  our patients, causing dela-
yed recovery. in a pre-clinical study on 11 sheep, per-
formed to investigate the tissue response to the
Kinespring device, an early inflammatory response
around the device was observed four weeks after sur-
gery (16). By twelve weeks after surgery, the inflamma-
tory response was resolved and a pseudosynovial
membrane had formed around the absorber. in our
series, all the patients who suffered from postoperati-
ve pain presented with symptoms between two weeks
and three months after surgery. We speculate that the
transitory inflammatory response that the device evo-
kes before it becomes “tolerated” by the surrounding
soft tissues may be the cause of  the early pain. Further
histological studies may help to clarify this question.
in our experience, Kinespring is a very effective alter-
native to Hto and UKA. We believe that correct
patient selection is the key to obtaining a successful
outcome, because the device is designed to relieve
weight-bearing knee pain during gait (i.e. pain occur-
ring during the stance phase). Patients who experience
pain during squatting or stair climbing will not be sati-
sfied after Kinespring implantation because the device
has no function at high flexion angles.
Limitations of  this study include the difficulty of
interpreting interim data when more baseline data
than post-treatment data is available. For this reason,
absolute levels of  the different outcome scores may be
deceptive. Furthermore, in the absence of  a control
treatment, significant changes from baseline do not
necessarily indicate a treatment effect.
in conclusion, on the basis of  the very preliminary
results of  our prospective series, we believe that the
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Kinespring device is able to treat the symptoms of
medial compartment oA in selected patients. 
Unloading the medial compartment of  the knee may
be the key for modifying the adverse mechanical joint
environment that triggers the development of  oA
and may be able to provide lasting symptom relief  and
possibly slow down the progression of  the pathology.
Further studies are necessary to better understand the
true therapeutic potential of  this novel device.
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