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Adipose-to-muscle area ratio at the knee is superior to BMI
in predicting post-operative outcome following arthroscopic
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Abstract

Purpose To determine if measurement of leg adipose tissue area by MRI is a better predictor of post-operative clinical
outcome compared to body mass index (BMI) following arthroscopic meniscectomy.

Methods Patients that underwent an arthroscopic partial meniscectomy between 2011 and 2016 were identified and a ret-
rospective chart review was performed. Patients with additional knee pathology other than a meniscal tear with or without
associated articular cartilage injury were excluded. Leg adipose tissue and muscle area measurements at the level of the knee
joint were performed for patients on their preoperative axial magnetic resonance imaging (MRI) study and adipose-to-muscle
area ratio (AMR) was calculated. Correlations among AMR, BMI, and post-operative clinical outcomes were compared.
Results A total of 74 patients (32 females and 42 males) were included (mean age 50.0 years, std. dev. 12.3 years). 35
patients underwent a partial medial meniscectomy, 15 underwent a partial lateral meniscectomy, and 24 underwent both.
Linear regression analysis showed that the AMR, compared to BMI, had a significantly stronger correlation to both mean
post-operative Knee Injury and Osteoarthritis Outcome Score (KOOS) across all 5 subscales (KOOS;) and Tegner Current
score. Patients that had cartilage damage and concurrent chondroplasty tended to be older and have lower post-operative
KOOS4 compared to those with no cartilage damage. AMR was also significantly correlated to age and BMI.

Conclusions The current study demonstrates that compared to BMI, leg adiposity as determined by the ratio of adipose tissue
to muscle area on axial MRI (AMR), is a stronger predictor of functional outcome following meniscectomy. This suggests
arole of obesity in the progression of OA beyond the increased joint forces associated with increased BMI.

Level of evidence IV, retrospective case series.
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Introduction National Health and Nutrition Examination Survey

(NHANES), 36.5% of adults in the United States were obese
Obesity is currently considered an epidemic and is associ-  [2], which is defined as body mass index (BMI) > 30 kg/
ated with numerous general medical comorbidities includ- m?. BMI is used to define obesity because it is convenient,
ing osteoarthritis (OA) [1]. According to the 2011-2014
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safe, inexpensive, and usually correlates with the amount of
body fat present [3].

Several studies have demonstrated a link between patient
BMI and functional outcome following meniscectomy sur-
gery [4-8]. In a recent systematic review, Kluczynski et al.
concluded that increased BMI was associated with worse
clinical outcome scores and less patient satisfaction after
arthroscopic meniscectomy or debridement. Further, Thijs-
sen et al. proposed that the link between obesity and OA
may transcend excessive loading, with dyslipidemia and pro-
inflammatory cytokines and adipokines potentially playing
pivotal roles [9].

Although BMI is the most commonly used method to
assess obesity, this method has been criticized because BMI
is an indirect surrogate measurement [3] that does not always
reflect true body composition, or adiposity [10]. It often mis-
classifies persons with increased body fat and normal BMI,
as well as persons with increased muscle mass and increased
BMI. Several indices have been proposed to address the
shortcomings of using BMI to assess obesity and adiposity,
including fat mass index, body fat percentage, body adipos-
ity, a body shape and body roundness indices [10, 11].

The purpose of the current study was to determine if the
ratio of adipose tissue area to muscle area by MRI at the
level of the knee joint is a better predictor of postopera-
tive clinical outcome compared to BMI after arthroscopic
meniscectomy. It is hypothesized that this ratio would be
more strongly correlated with both mean postoperative Knee
Injury and Osteoarthritis Outcome Score (KOOS) across all
five subscales (KOOSs) [Hypothesis 1] and Tegner Activ-
ity Level Scale [Hypothesis 2], compared to standard BMI
calculation.

Methods
Study design

This was a single-center, retrospective case series study. Fol-
lowing approval from the institutional review board, 460
patients who had undergone arthroscopic partial menis-
cectomy by an academic hospital-based orthopaedic sports
medicine surgeon between April 2011 and April 2016 were
identified. Electronic medical records and charts were
reviewed for inclusion and exclusion criteria. BMI values
were calculated from patients’ height and weight, measured
at the patient’s preoperative office visit by licensed medical
assistants. Sociodemographic variables included age and
sex.

Of the 460 patients, 34 were excluded because they had
additional procedures performed other than a chondroplasty,
186 did not have a pre-operative magnetic resonance imag-
ing (MRI) study available electronically, and 166 did not
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complete the outcome score questionnaires (KOOS and Teg-
ner Activity Level Scale) at 6-months or more after surgery.
A flowchart summarizing the inclusion/exclusion process
and examples of excluded procedures is presented in Fig. 1.

Outcome parameters

Post-operative clinical outcome was assessed using KOOS
[12] and Tegner Activity Level Scale [13] questionnaires.
KOOS questionnaire responses were reported as KOOSs,
the mean of the five individual subscale scores (symptoms,
pain, activities of daily living, sports and recreation function,
and quality of life).

Adipose-to-muscle area ratio (AMR) calculation

Adipose tissue area for each subject was measured on a sin-
gle MRI axial plane image at the level of the knee joint.
Sagittal and coronal MRI views were used to select the axial
image that is most equidistant from the proximal tibia and
distal femur. The area of the entire leg, area of the joint
space, and area of the muscle space were traced and calcu-
lated using the authors’ institution’s medical imaging tech-
nology program (Phillips IntelliSpace PACS Enterprise)
(Fig. 2). The adipose tissue area was then calculated by
subtracting the joint space and muscle areas from the total
area of the leg. AMR was calculated by dividing adipose
tissue area by the muscle space area.

This method of estimating adiposity in the leg has
not been previously described. Therefore, inter- and

‘/ 460 patients between April
2011 - April 2016

/Excludcd:
- 10 open cyst
excisions
» - 10 high tibial
ostcotomics
3 OATS
- 2distal femoral
ostecotomics
- 2tibial tubercle
ostcotomics
- 2 microfracture
- 2 open patellar
tendon repairs
1 open patellar

\ 4

424 with meniscectomy =+
chondroplasty

\ 4

‘ 240 with MRI available

tendon
’ debridement
- 1 MPFL
reconstruction
\ - 1 removal of
74 with > 6-months of hardware
follow-up and outcome N
scores

Fig.1 Study inclusion process. MRI magnetic resonance imaging.
OATS osteochondral autograft transfer system. MPFL medial patel-
lofemoral ligament
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Table 1 Patient characteristics
Age? 49.97 + 12.29 (20.18-69.92)
BMI? 28.74 + 5.59 (18.6-50.0)
Fat to muscle ratio® 2.35 + 1.07 (0.90-5.59)
Sex®

Male 32 (43.2%)

Female 42 (56.8%)
Meniscectomy®

Medial only 35 (47.3%)

Lateral only 15 (20.3%)

Medial and lateral 24 (32.4%)
Chondroplasty®

Yes 45 (60.8%)

No 29 (39.2%)

Fig.2 a Axial MRI showing measurement of total leg area (7), joint
space area (J), and muscle area (M). Leg adipose area (A)=T—
(J+M). Adipose-to-Muscle Ratio (AMR)=A/M. b Sagittal and ¢
coronal MRI with yellow line depicting level of axial slice

intra-observer reliability has not yet been established.
Although the validity of utilizing the AMR measurement
(based on area) as a surrogate for total leg adiposity (based
on volume) is yet to be determined, the authors believe it to
be more valid than the traditional BMI calculation.

Statistical analysis

Continuous variables are presented in terms of the mean,
standard deviation, and range, while categorical variables
are presented in terms of frequencies and percentages. One-
way ANOVA and pairwise ¢ tests were performed to deter-
mine if differences existed among cohorts based on nominal
variables (male vs female, medial vs lateral vs combined
meniscectomy, concurrent chondroplasty vs no concurrent
chondroplasty), and if those differences were statistically
significant. Univariate and multivariate linear regression

BMI body mass index (kg/m?)
#Values given as mean + standard deviation and range in parentheses

Values given as number of patients and percentage in parentheses

analyses were performed to determine any correlations
between continuous variables (age, BMI, AMR, KOOS;,
and Tegner Activity Level scores). All data aggregation
and statistical analysis was performed with SPSS 24 (IBM,
Armonk NY).

Results

Of 240 eligible patients with MRI available for analysis, 74
patients (mean age [and standard deviation] was 49.97 +12.3
years, range 20.18-69.92 years) completed minimum
6-month outcome questionnaires and were included in the
final analysis (31% response rate). The mean time from
surgery to follow-up and questionnaire completion was
23.2 4+ 14.2 months (range 6—60.5 months). Table 1 sum-
marizes the baseline characteristics of this patient popula-
tion, which consisted of 32 females (43.2%) and 42 males
(56.8%). Arthroscopic partial medial meniscectomy was per-
formed in 35 patients (47.3%), partial lateral meniscectomy
in 15 patients (20.3%), and both medial and lateral partial
meniscectomy in 24 patients (32.4%). Intra-operatively, 45
patients (60.8%) were noted to have cartilage damage and
shaving chondroplasty performed.

Postoperative KOOS;5 was scored on a scale of 0-100,
with a mean score of 80.2+ 17.2 (range 31.5-100.0) at mean
23.2 months. Tegner activity level consists of two scores
(before injury and current), both rated on a scale from O to
10; the mean Tegner before score was 5.55 +2.58 (range
0-10.0) and mean current Tegner score at mean 23.2 months
was 4.32 +2.22 (range 0-10.0). Linear regression showed
that while both AMR and BMI were significant predictors
of post-operative KOOS5;, AMR was a stronger predictor (r
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= — 0.305, p=0.008 vs. r = — 0.237, p=0.042) [Hypoth-
esis 1]. AMR also showed a significant correlation with the
Tegner before score (r = — 0.325, p=0.005) and current
Tegner score (r = — 0.378, p=0.001), while BMI was not
significantly correlated to either (p =0.243 and p=0.167,
respectively) [Hypothesis 2].

AMR was also significantly correlated with age (r=0.329,
p=0.004) and BMI (r=0.328, =0.004). AMR tended to be
higher in females (3.21 vs. [males] 1.70, p <0.001) and in
patients with both medial and lateral meniscus injury (2.86
vs. [lateral only] 2.28 vs. [medial only] 2.05, p=0.014).
Patients that had cartilage damage and concurrent chon-
droplasty tended to be older (54.97 +9.37 vs. 42.22 +12.39
years, p<0.001) and have lower post-operative KOOS;
scores (76.97 +17.2, p=0.044) compared to patients that did
not have cartilage damage (85.2+16.32, p=0.044). There
were no significant differences in outcome scores between
patients with medial only, lateral only, or combined medial
and lateral meniscectomies.

Discussion

The current study found that leg adiposity (as measured by
AMR) and BMI were significantly correlated to each other
as well as to post-meniscectomy KOOS; and Tegner scores,
suggesting that AMR and BMI share similar mechanisms
in predicting poor clinical outcome following surgery.
These include increased joint loading [14], decreased mus-
cle strength and power [15], increased risk of falling [16]
and increased surgical difficulty [4, 7]. More importantly,
however, we found that when compared to BMI, AMR was
more highly correlated with both postoperative KOOS5 and
Tegner Current scores.

Currently, BMI is used to define obesity because it is con-
venient, safe, inexpensive, and for most people, correlates
with their amount of body fat [3]. Several studies have found
associations between BMI and functional outcomes follow-
ing meniscectomy surgery. For example, in a prospective
nationwide study of 270 patients in Scotland, Bailey et al.
[8] found that patients with BMI> 35 kg/m? had signifi-
cantly lower post-operative EuroQol 5Q5D5SL and KOOS;
scores than patients with BMI < 30 kg/m?. Several studies
have also demonstrated that increased BMI is a risk factor
for the development of OA in post-meniscectomized knees
[17]. However, the link between BMI and meniscectomy
outcomes has not been upheld across all studies. In a recent
systematic review, Kluczynski et al. [4] reported just three
[5, 18, 19] of six [20-22] included studies found significant
associations between BMI and outcomes after arthroscopic
meniscectomy or debridement. The lack of consensus among
studies regarding the association between BMI and menis-
cectomy outcomes may be due, in part, to the shortcomings
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of using BMI as an indicator of body fatness or adiposity
[10].

There are several potential explanations for the inconsist-
ent link between BMI and clinical outcome scores. Obesity-
related dyslipidemia, characterized by high plasma levels
of triglycerides (TG), low density lipoprotein (LDL) cho-
lesterol, free fatty acids (FFA), and low high density lipo-
protein (HDL) cholesterol, has also been linked to the pro-
gression of OA through various inflammatory mechanisms
[9]. Pro-inflammatory cytokines such as TNF-a and IL-6
are released by adipose tissue and the infrapatellar fat pad
(IFPF) and have been shown to be elevated in the synovial
fluid of OA patients [9, 23]. It has also been theorized that
IL-6 can directly cause pain via sensitization of C fibers in
the knee joint [24]. The inflammatory environment within
the joint mediated by these cytokines can be damaging to
articular and meniscal cartilage. Since BMI does not dis-
tinguish between adipose and muscle mass, AMR may be
more directly associated with dyslipidemia and systemic
inflammation. Although BMI may be a more direct meas-
ure of joint forces than AMR, our findings are consistent
with these more recent theories linking adipose tissue and
joint disease. In a recent study, Ateschrang et al. showed that
obesity (BMI > 30) causes less favorable results in Constant
and DASH scores and higher re-tear rates in individuals
who underwent rotator cuff repair [25]. Although a possible
explanation is that increased arm weight in obese individuals
places higher mechanical stress on the shoulder and rotator
cuff, dyslipidemia may have a larger effect on healing in this
non weight-bearing joint.

Two related entities that may also contribute to the
stronger correlation between AMR and post-meniscectomy
outcomes are quadriceps muscle strength and activity level.
Maffiuletti et al. [15] found that relative quadriceps muscle
torque and power were reduced in obese subjects. Again, due
to the fact that BMI does not take into account the composi-
tion of mass (adipose tissue vs muscle), AMR may be a bet-
ter marker of quadriceps weakness. Obese patients are also
believed to have a more sedentary lifestyle, which should
directly affect KOOS; scores, by nature of the survey ques-
tions. Compared to BMI, AMR may be a better indicator
of patients’ general activity level per our results: Tegner
activity score before injury was found to be significantly
correlated with AMR, but not with BMI.

Another drawback of using BMI to predict post-operative
outcomes is its inability to indicate the distribution of mass
in a patient’s body. It has been postulated that increased BMI
makes surgery more challenging and, therefore, should nega-
tively affect outcomes [7]. When performing arthroscopic
meniscectomy on an obese individual, manipulation of the
leg and arthroscopic instruments becomes more difficult,
since the leg is likely heavier and there is more adipose tis-
sue to traverse. Compared to BMI, AMR is a measurement
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more localized to the surgical area, which may contrib-
ute to its stronger correlation with functional outcomes
post-meniscectomy.

Finally, extremes of BMI may be better predictors of
clinical outcome than current BMI. In a case-control study
of patients over the age of 50, Singer et al. found both life-
time maximum and minimum (over the age of 18 years) to
be more highly predictive of knee OA [26]. Interestingly,
the study also found that both weight distribution indica-
tors (waist-circumference and waist-to-height-ratio) were
more predictive of knee OA than of hip OA. This suggests
that the knee, as compared to the hip, is more susceptible to
metabolic damage associated with higher intra-abdominal
fat mass.

The present study has several limitations. First, heteroge-
neity in this study exists, both with respect to patient popu-
lation (meniscectomy alone vs concomitant chondroplasty)
and with respect to questionnaire follow-up time. Due to
the retrospective nature of the study, pre-operative KOOS;
scores were not obtained. Therefore, the rate of improvement
and its association with BMI or AMR could not be assessed.
The correlations observed between post-meniscectomy out-
comes and AMR or BMI may be largely due to patient’s
pre-operative condition, since patients with pre-operative
articular cartilage damage (as determined intraoperatively)
had significantly lower post-operative KOOS; scores than
those who did not. Finally, this method of estimating adipos-
ity in the leg has not yet been proven. Furthermore, its inter-
and intra-observer reliability has not yet been established
and should be a focus of future work.

Future studies should aim to investigate the effects of cen-
tral versus leg adiposity on outcome following meniscec-
tomy. Results showing AMR to be a stronger predictor may
further reinforce the theory that poor outcome and articular
disease are influenced by more than just increased mechani-
cal forces. Although more time intensive than BMI calcula-
tion, the AMR calculation would allow surgeons to better
assess risk for poor clinical outcome and need for additional
modifications in preoperative diet and fitness regimens for
patients undergoing arthroscopic meniscectomy.

Conclusions

The current study demonstrates that compared to BMI, leg
adiposity as determined by the ratio of adipose tissue to
muscle area on axial MRI (AMR), is a stronger predictor
of functional outcome following meniscectomy. This sug-
gests a role of obesity in the progression of OA beyond the
increased joint forces associated with increased BMI.
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