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Objective: Patients undergoing arthroscopic partial meniscectomy (APM) are at increased risk of knee
osteoarthritis (OA). Meniscal damage and/or surgery may alter knee joint loading to increase OA risk. We
investigated changes in knee joint loading following medial APM surgery, compared with the contra-
lateral leg.
Methods: We estimated indices of knee joint loading (external peak knee adduction moment (KAM),
KAM impulse and peak knee flexion moment (KFM)) normalized to body size (i.e., body mass (BM) and
height (HT)) using 3D gait analysis in 23 patients (17 men, mean (SD) 46.2 (6.4) years, BMI 25.8 (3.4) kg/
m?) without radiographic knee OA before and 12 months after medial APM. Static alignment was
assessed by radiography and self-reported outcomes by Knee injury and Osteoarthritis Outcome Score
(KOOS).
Results: Peak KAM and KAM impulse increased in the APM leg compared to the contra-lateral leg from
before to 12 months after surgery (change difference: 0.38 Nm/BM*HT% 95% CI 0.01 to 0.76 (P = 0.049)
and 0.20 Nm*s/BM*HT% 95% CI1 0.10 to 0.30 (P < 0.001)). Patients self-reported improvements on all KOOS
subscales (KOOS pain improvement: 22.8 95% CI 14.5 to 31.0 (P < 0.01)).
Conclusions: A relative increase in indices of medial compartment loading was observed in the leg un-
dergoing APM compared with the contra-lateral leg from before to 12 months after surgery. This increase
may contribute to the elevated risk of knee OA in these patients. Randomized trials including a non-
surgical control group are needed to determine if changes in joint loading following APM are caused
by surgery or by changes in symptoms.

© 2016 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Biomechanical factors play an important role in the initiation
and progression of knee osteoarthritis (OA)'. One such factor is
dynamic loading during walking. The external knee adduction
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moment (KAM), calculated from gait analysis, is considered a valid
and reliable estimate of medial tibiofemoral compartment
loading®” and studies have shown that increased KAM is related to
disease severity?, disease progression’’ and structural joint
changes® in patients with knee OA.
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Meniscectomized patients have a high risk of developing knee
OA® and have knee arthroplasty at a younger age compared to
patients without prior knee surgery'®. Arthroscopic partial menis-
cectomy (APM) is one of the most frequently performed orthopedic
procedures'!, even though surgery is not superior to non-operative
interventions in relieving pain in middle-aged and older patients'2.
Patients who have undergone medial meniscectomy show
increased KAM, indicative of an increase in the medial tibiofemoral
compartment loading compared to healthy controls'>'“. Further-
more, a higher KAM is predictive of structural knee joint changes in
these patients'. Collectively, these findings indicate that increased
knee joint loading may contribute to the increased risk of knee OA
in meniscectomized patients.

The KAM is primarily determined by the magnitude of the
ground reaction force vector and the degree of varus alignment?,
and removal of medial meniscus tissue could increase joint loading
via an increase in the varus alignment of the knee. Indeed, one
cross-sectional study reported increased varus alignment 5 years
after medial meniscectomy, with the increase in varus alignment
dependent on the amount of meniscus tissue resected'®. On the
other hand, change in gait speed, which is often affected by pa-
thology or symptoms, could also affect the ground reaction force
and elicit changes in the KAM'”'. To our knowledge, no studies
have investigated in vivo changes in medial compartment knee
joint loading from before to after arthroscopic partial medial
meniscectomy.

The aim of this study was to investigate changes in indices of
medial compartment knee joint loading in the leg undergoing
surgery from before to 12 months after medial APM, as compared
with the contra-lateral leg. We hypothesized that indices of knee
joint loading would increase in the leg undergoing surgery
compared to the contra-lateral leg.

Method

The “Strengthening the Reporting of Observational Studies in
Epidemiology” (STROBE) Statement was used as guideline for
reporting this observational study'®.

Patients

Patients aged 35—55 years at time of enrollment and assigned
for partial meniscectomy by an orthopedic specialist on suspicion
of a medial meniscal tear were recruited. We included patients
from April 2012 to September 2013 from two public hospitals
(Odense University Hospital, Odense and Lillebaelt Hospital, Kold-
ing) and one private clinic in the city of Odense with self-reported
gradual symptom onset or symptom onset caused by a minor
incident like bending/twisting of the knee during daily activities
(i.e., tears of degenerative origin). Exclusion criteria were: clear
traumatic symptom onset (i.e., caused by a sports injury, crash or
collision); tibiofemoral and/or patellofemoral OA defined as having
Kellgren and Lawrence (K/L) grades 2 or higher in either knee;
previous knee surgery in either knee; back pain within last 30 days
limiting physical activity; other injuries limiting physical activity
within last 30 days; BMI above 36 kg/m?; very low physical activity
level (indoors walking only). After meniscectomy, patients were
given a leaflet with standard rehabilitation exercises, which they
were encouraged to perform at home. Information on compliance
with the exercise recommendation was not collected. All patients
gave their written informed consent and the Ethics Committee for
the Region of Southern Denmark approved the study (ID:
20120006).

Radiographs

Standardized fixed-flexion posteroanterior and skyline X-ray
examinations were made at baseline prior to surgery to assess
degree of radiographic tibiofemoral and patellofemoral OA ac-
cording to Kellgren and Lawrence®’. For standardization of X-ray
examinations of the tibiofemoral compartments the Synaflexer
frame was used?'. Anatomical knee alignment was estimated from
the short film X-ray examinations at both baseline and 12 months
follow-up using a conversion of anatomical femorotibial axis to
mechanical axis®>? with lower values representing varus alignment.
All X-ray images were scored by a resident specializing in radiology
(GM]J) (ICC34 0.99 for assessment of alignment).

Gait analysis

Gait analysis was performed before and 12 months after APM.
A six-camera (100 Hz) 3D motion analysis system (Nexus version
1.8.5, Vicon, Oxford, UK) was used to estimate knee joint moments
during walking. The standard plug-in-gait marker set was used
and ground reaction forces were measured (1000 Hz) in synchrony
with the kinematic data using two force plates (AMTI, OR6-7 Series
Inc., Watertown, MA, US) imbedded in the floor. Patients walked
barefoot at self-selected speed. If patients walked more than 5%
faster or slower at the follow-up assessments we collected data
from additional trials matching the baseline speed (+5%) as
walking speed is known to affect joint moments'’. Knee joint
moments were estimated using inverse dynamics and normalized
to body mass (BM) and height (HT). Subsequently, the following
variables of interest were extracted: external peak KAM (Nm/
BM*HT%), KAM impulse (Nm*s/BW*HT%) and peak knee flexion
moment (KFM; Nm/BM*HT%). We included the KFM since it has
been reported to contribute to medial compartment contact
force?>. Variables were calculated for individual trials and aver-
aged over five trials. Test—retest reliability in our laboratory for
peak KAM, KAM impulse and peak KFM is 0.84, 0.95 and 0.77
(ICC3,), respectively.

Knee injury and Osteoarthritis Outcome Score (KOOS)

Patient reported symptoms, pain, function and quality of life
were collected using the KOOS questionnaire prior to meniscec-
tomy and at the 12 month follow-up. A normalized score was
calculated for each subscale (0 indicating extreme symptoms and
100 indicating no symptoms). The KOOS score has been validated
for meniscectomy patients and has shown high test—retest
reproducibility®*2>.

Collection of surgery information

All surgeries were carried out under general anesthesia. Infor-
mation regarding the location of tear within the medial
compartment (anterior, mid body or posterior) and amount of
tissue resected (in %) was collected using the International Society
of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine —
Classification of meniscal tears questionnaire (ISAKOS) filled out
by the operating surgeon. We report amount of resection as
0—25%, 26—50%, or more than 50%. The ISAKOS questionnaire has
moderate reliability for reporting of such structural/surgical

features?®.

Statistical analysis

The main outcomes were change in peak KAM, KAM impulse
and peak KFM from before to 12 month after APM. All outcomes
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were checked for normality by inspection of histograms and Sha-
piro Wilk test for normality prior to analysis. Difference in change
between the operated and contra-lateral leg was evaluated using a
Student's paired t-test. To account for the potential effect of
changes in gait speed from baseline to the 12 months follow-up all
analyses were repeated in additional gait trials conducted at speeds
similar to baseline. A priori we calculated that including 20 patients
would enable us to detect a difference in change in peak KAM be-
tween the operated and contra-lateral leg of 7% using the formula
smallest detectable change (SDC)/y/n (assuming a SDCgsy of
0.80 Nm/BM*HT% or an SDC of about 25% of the mean)®’. All ana-
lyses were conducted using STATA (version 13.1, Statacorp, College
Station, Texas, US) with a significance level set to 0.05, and all tests
were two-tailed. P-values were not adjusted for multiple testing
due to the observational design of this study.

Results

Twenty-three patients had medial APM and participated in the
baseline assessment. One patient declined to participate at the
follow-up assessment, leaving 22 patients at the 12-month follow-
up (Fig. 1). No between leg differences were observed at baseline
except for peak KFM, which was lower in the leg scheduled for APM
compared with the contra-lateral leg (Table I).

At surgery, surgeons reported that meniscal tears were located
in the posterior horn in 16 patients, posterior and mid body in five
patients, mid body in one patient and in the anterior part in one
patient. Fifteen patients had a resection involving 25% or less of the
meniscus and seven had a resection involving between 26% and
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Table I
Patient characteristics at baseline

Number of patients (men/women) 23 (17/6)
Age, years 46.2 (6.4)
Height, cm 177.4 (7.3)
Body mass, kg 81.3(11.2)
BMI, kg/m? 25.8 (3.4)
APM leg, right/left 14/9
Symptom onset, slowly evolved/specific incident 15/8
KOOS Pain 64.0 (18.9)
KOOS Symptoms 65.1 (21.5)
KOOS ADL 74.6 (18.4)
KOOS Sport/Rec 374 (27.8)
KOOS QOL 47.0 (13.8)
Gait speed, m/s 1.26 (0.14)
Kellgren Lawrence grade, no.*: ~ APM leg Contra-lateral leg ~ P-value

Grade 0 19 21 0.294

Grade 1 3 1
Static knee alignment, °* 177.8 (1.6) 178.0 (2.0) 0.654
Peak KAM, Nm/BM*HT% 3.00 (0.57) 3.13(0.87) 0.424
KAM impulse, Nm*s/BM*HT% 1.13(027) 1.21(0.33) 0.137
Peak KFM, Nm/BM*HT% 243 (1.17)  3.03 (1.06) 0.044

Values are mean (SD) unless otherwise stated.
ADL = Activities of Daily Living, Sport/rec = Sport and Recreational function,
QOL = Quality of Life.

" Mechanical axis angle. n = 22, radiographs missing for one patient (lower values
indicate varus alignment).

50% of the meniscus (data on amount of resection missing for one
patient).

The patients self-reported improvements on all KOOS sub scales
from baseline to 12 months after APM (Fig. 2). All indices of knee

Excluded, n=346:

- Did not fit age criteria, n=33

- Had previous knee surgery, n=155

- Did not reply invitation, n=29

- Did not understand Danish, n=6

- Co-morbidities limiting participation, n=1|

- Declined to participate, n=10

- Lateral meniscal injury or ACL injury at MRI, n=36
- Rescheduled to surgery at other hospital, n=3

- Signs of medial meniscal damage too weak, n=24
- Not possible to test prior to surgery, n=27

- BMl over 36,n=6

- Strong signs of knee OA at MRI, n=1

- Traumatic symptom onset, n=4

- Withdrew consent, n=1

Patients booked for meniscectomy
screened for study eligibility, n=374

Excluded, n=5:
- No meniscal injury at surgery, n=4
- Had a meniscal repair, n=1

Drop-outs, n=1:

- Did not want to participate in further testing, n=|

»a
)
A 4
Baseline assessment prior to
meniscectomy, n=28
Surgery, n=28
€
A 4
Patients with baseline assessment
and meniscal meniscal surgery, n=23
€

\ 4

12 month follow-up, n=22

Fig. 1. Patient flow in the study.
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Fig. 2. KOOS scores at baseline and 12 months follow-up (n = 21). Values are mean with 95% confidence intervals.

joint loading increased within the APM leg from baseline to 12
month. In contrast, a decrease in KAM impulse was observed within
the contra-lateral leg (Table II). Both peak KAM and KAM impulse
increased in the APM leg compared with the contra-lateral leg from
baseline to 12 months follow-up (Table II). This resulted in a 12%
higher KAM impulse at 12 months in the APM leg compared to the
contra-lateral leg (P = 0.008) but no significant difference was
found for peak KAM (P = 0.130) and KFM (P = 0.353) between legs
at 12 months. No difference in change in static alignment was
observed between the APM leg and the contra-lateral leg (Table II).

Gait speed increased by 0.08 m/s (95% C10.04 to 0.13) to 1.34 m/s
(95% CI 1.28 to 1.40) at the 12 months follow-up. Secondary ana-
lyses where patients walked at speeds similar to baseline at the 12
months follow-up did not change the interpretation for peak KAM
and KAM impulse but a significant increase in KFM was observed in
the APM leg compared with the contra-lateral leg (Supplementary
Table 1).

Discussion

Arthroscopic partial medial meniscectomy was associated with
significant differences in changes in indices of medial compartment
knee joint loading between the APM leg and the contra-lateral leg
(i.e., peak KAM and KAM impulse) from before to 12 months after
surgery, resulting in a 12% higher KAM impulse in the APM leg
compared with the contra-lateral leg. This increase is consistent
with an increase in the loading of the medial knee compartment

Table II

following partial removal of the meniscus. Concomitantly, patients
self-reported improvements on all KOOS subscales.

Joint injury is a well-known risk factor for knee OA and patients
with meniscal pathology not undergoing surgery have been re-
ported to be at increased risk of knee OA. However, surgery has the
potential to further influence the mechanical environment in the
knee joint. Thus, partial resection of medial meniscal tissue may
increase varus alignment and thus increase medial compartment
knee joint load measured as the KAM. One previous study reported
peak KAM to increase from 3 to 24 months following APM'#, and a
higher peak KAM post APM has been shown to be predictive of
subsequent degenerative structural knee joint changes'®, indi-
cating a link to knee OA development. However, these studies did
not include assessments of indices of knee joint loading prior to
surgery and therefore did not provide any information about the
potential impact of surgery on joint loads. To the best of our
knowledge only one small study (n = 10) has investigated knee
joint loading before and after meniscal surgery’®, the analysis
however was limited to sagittal plane moments. In the present
study we included both frontal plane (KAM) and sagittal plane
moments (KFM) as both have been reported to be important for
estimating medial compartment joint loading™?>?°. We observed
increased peak KAM and KAM impulse from before to 12 months
after APM in the leg having undergone surgery as compared to the
contra-lateral leg. This resulted in 12% higher KAM impulse in the
APM leg compared to the contra-lateral leg at 12 months after
surgery, whereas the 9% higher peak KAM in the operated leg
compared to the contra-lateral leg at 12 month did not reach

Alignment and biomechanical outcomes (self-selected walking speed) at 12 months after medial APM (n = 22)

12 month outcomes

Change from baseline

APM leg Contra-lateral leg

APM leg Contra-lateral leg Between-leg difference

Static knee alignment, °*
Peak KAM (Nm/BM*HT%)
KAM impulse (Nm*s/BM*HT%)
Peak KFM (Nm/BM*HT%)

177.5 (176.8 to 178.2)
3.35 (3.01 to 3.68) 3.08 (2.70 to 3.46)
( 1.11 (0.96 to 1.26)
(

3.09 (2.50 to 3.67)

1.24 (1.10 to 1.39)
2.90 (2.37 to 3.42)

177.8 (176.9 to 178.7)

—03(-0.6t00.1) —0.1(-04 to 0.3) ~0.2(~0.7 t0 0.2)
0.30 (0.04 to 0.57) ~0.07 (~0.27 to 0.13) 0.38 (0.01 to 0.76)
0.09 (0.01 to 0.18) ~0.10 (~0.16 to —0.04) 0.20 (0.10 to 0.30)
0.46 (0.07 to 0.86) 0.16 (~0.17 to 0.50) 0.30 (~0.12 to 0.73)

Values are mean (95% confidence intervals).

" Mechanical axis angle. n = 21, X-ray missing for one patient (lower values indicate varus alignment).
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statistical significance. The minimal clinically relevant difference
and change in KAM in relation to risk of knee OA development and
pain is not known. However, interventions to reduce the KAM peak
and impulse such as insoles or orthotics have reduced KAM by
2—9%°, and knee braces by 5—-14%%>!. A study using a variable
stiffness shoe reduced the peak KAM by 6.6%, accompanied by a
larger proportion of patients in the intervention group having a
clinically important improvement in pain>2. Both orthotics and
knee braces are recommended in clinical guidelines for non-
surgical treatment of knee OA to reduce joint loading and symp-
toms>>. The observed increases in joint loading observed in the
present study are of the same magnitude as the reductions
observed with orthotics and knee braces, suggesting that the
observed changes in KAM in the present study may be clinically
important.

A previous study reported increased varus alignment in the
operated leg 5 years after meniscectomy, with the magnitude of
increase being dependent on amount of meniscus resected'®.
However, we did not observe any changes in static alignment in the
present study. Malalignment assessed by radiographs may take
several years to develop, thus the lack of change may not be all that
surprising since we only followed patients for 1 year. Nevertheless,
altered dynamic alignment assessed by 3D motion analysis during
walking may contribute to the observed increase in KAM in the
present study. Indeed, a recent study reported increased dynamic
varus alignment together with an increase in the magnitude of the
ground reaction force contributed to the observed increases in KAM
from 3 to 24 months after meniscectomy>*. Other factors such as
changes in toe-out angle and trunk lean may also affect the KAM. It
was beyond the scope of this study to analyze these potential
contributors in detail.

Walking speed is known to influence knee joint loading. Our
patients were asked to walk at their own self-selected speed at
baseline. If a patient changed his/her walking speed at the 12
month follow-up assessment, additional gait trials with the same
speed as the baseline assessment were conducted as the appro-
priateness of statistically adjusting for walking speed has been
questioned'”. We observed a 6% increase in gait speed from baseline
to 12 month. However, the overall interpretation of increased KAM
in the APM leg compared to the contra-lateral leg from baseline to
12 months did not change in the analysis using speeds normalized
to baseline. Rather, the sensitivity analysis using normalized speeds
displayed a significant increase in peak KFM in the APM leg
compared to the contra-lateral leg, which was not observed at self-
selected walking speed. This indicates that the relative increase in
knee joint loading indices reflect an actual altered knee load dis-
tribution and not merely increased gait speed following surgery.
Furthermore, sagittal plane loading is more sensitive to changes in
gait speed than frontal plane loading>>.

We observed large improvements in self-reported outcomes
from baseline to 12 months follow-up. These improvements are
similar to what has been observed in randomized trials investi-
gating the effect of APM in patients with degenerative medial
meniscal tears without radiographic knee OA*®*’. Importantly,
improvements of the same size were observed in the non-surgical
control arm of these studies. Thus, this improvement may be due to
the large placebo effect associated with APM>” and other ortho-
pedic procedures®®. Nevertheless, patient reported improvements
in pain may influence the observed changes in knee joint loading
indices and hence not be caused by the surgery per se. We observed
increased KAM impulse in the APM leg from baseline to 12 months
follow-up, but at the same time KAM impulse decreased in the
contra-lateral leg. This might indicate a shifting of load from the
contra-lateral leg to the APM leg, which may be elicited by reduced
pain in the treated leg.

Some limitations apply to the present study. We did not include
a non-surgical control group (i.e., sham surgery, exercise therapy or
no treatment group) but compared indices of knee joint loading to
the contra-lateral leg of the patients. As this is the first study to
investigate changes in knee joint loading in APM patients from
before to after surgery we felt it would be unethical to investigate
this in a randomized trial requiring a much larger sample size. We
therefore conducted a prospective observational study using the
contra-lateral leg as control as this required a much smaller sample
size to test the premise of this hypothesis and minimize patient's
time and resources. As the aim of the present mechanistic study
was to investigate potential changes in knee joint loading following
APM, strict inclusion and exclusion criteria were applied, resulting
in high internal validity. However, a large proportion of screened
patients were excluded, with the main reason being previous knee
surgery in either knee, limiting generalizability (i.e., external val-
idity) of this study to APM patients in general. Static alignment was
assessed from short film radiographs using a correction factor for
transformation to mechanical axis. This method is less precise than
using long film radiographs, which may have affected the chance of
detecting changes in alignment.

In conclusion, we observed a relative increase in medial
compartment loading, measured as the KAM, in the leg undergoing
APM for a degenerative medial meniscal tear compared with the
contra-lateral leg from before to 12 months after surgery, resulting
in a 12% higher KAM impulse in the APM leg at 12 months after
surgery. This increase may be an important contributor to the high
risk of knee OA development in patients undergoing APM. Further
randomized controlled trials are needed to determine if this is
caused by the surgery per se or is influenced by a change in patient
symptom status.
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