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Abstract

Objective—To evaluate the utility of clinical history, radiographic and physical exam findings in
the diagnosis of symptomatic meniscal tear (SMT) in patients over age 45, in whom concomitant
osteoarthritis is prevalent.

Methods—In a cross-sectional study of patients from two orthopedic surgeons’ clinics we
assessed clinical history, physical examination and radiographic findings in patients over 45 with
knee pain. The orthopedic surgeons rated their confidence that subjects’ symptoms were due to
MT; we defined the diagnosis of SMT as at least 70% confidence. We used logistic regression to
identify factors independently associated with diagnosis of SMT and we used the regression
results to construct an index of the likelihood of SMT.

Results—In 174 participants, six findings were associated independently with the expert
clinician having =70% confidence that symptoms were due to MT: localized pain, ability to fully
bend the knee, pain duration <1 year, lack of varus alignment, lack of pes planus, and absence of
joint space narrowing on radiographs. The index identified a low risk group with 3% likelihood of
SMT.

Conclusion—While clinicians traditionally rely upon mechanical symptoms in this diagnostic
setting, our findings did not support the conclusion that mechanical symptoms were associated
with the expert’s confidence that symptoms were due to MT. An index that includes history of
localized pain, full flexion, duration <1 year, pes planus, varus alignment, and joint space
narrowing can be used to stratify patients according to their risk of SMT and it identifies a
subgroup with very low risk.
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INTRODUCTION

Meniscal tears are frequently associated with knee symptoms and functional limitations. The
menisci are semilunar-shaped cartilaginous structures in the knee joint that provide load
transmission, shock absorption and joint stability.1-2 Tears in the menisci disrupt these
functions and are associated with articular cartilage damage.3~’ Meniscal tears can be
classified as degenerative or traumatic, with degenerative tears typically occurring in patients
over 45.78 While approximately one-third of middle-aged and older adults have evidence of
meniscal tear on magnetic resonance imaging (MRI), the great majority of these tears are
asymptomatic.® Similarly, while up to 80% of adults with knee osteoarthritis (OA) have
imaging evidence of meniscal tear, patients with OA and meniscal tear do not differ in the
severity of knee symptoms from those with OA and no tear.*

Given that many individuals with evidence of meniscal tear on MRI are asymptomatic,
clinicians rely heavily upon the history and physical examination to identify patients whose
symptoms can be attributed to the meniscal tear. In particular, clinicians typically elicit a
history of mechanical symptoms including locking, clicking, popping, localized pain, and
giving way. In a prior retrospective study, we found that these mechanical symptoms had
modest diagnostic value in the diagnosis of symptomatic meniscal tear, and that the
diagnostic value depends in part upon the clarity with which these mechanical symptoms are
elicited.? The diagnostic value of the physical exam has been assessed in younger patients,
with studies suggesting that joint line tenderness, McMurray’s maneuver and Apley’s
maneuver are the most useful physical findings.1%:11 However, there has been limited study
of the utility of the clinical history and physical exam in the diagnosis of a symptomatic
meniscal tear in older individuals, in whom osteoarthritis is prevalent and poses another
potential source of knee pain. To address this research gap, we evaluated the value of history
and physical exam findings in the recognition of symptomatic meniscal tears in a sample of
patients over the age of 45 reporting knee pain.

METHODS

Design

We performed a cross-sectional study of subjects greater than 45 years old to examine
associations between findings on a standardized clinical history, physical examination, and
radiographic findings and the likelihood of symptomatic meniscal tear (SMT), defined on
the basis of the impression of an expert clinician.

Patient Sample

Patients were recruited from the clinics of two academic orthopedic surgeons at Brigham
and Women’s Hospital in Boston, MA. Patients presenting to the clinic with knee pain were
considered eligible if they were older than 45 years old, spoke English, and presented with
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unilateral knee pain. Patients who underwent knee surgery within the prior 5 years, had a
prior total knee arthroplasty (TKA), presented with bilateral knee complaints, or had a prior
visit to the same clinician within the past year were excluded from the study.

Data Collection Procedures

Patients who provided informed consent to participate met with a research assistant, who
administered a questionnaire and performed a standardized musculoskeletal physical exam.
Research assistants were trained in the physical examination by an expert clinician. The
attending orthopedic surgeon, who was blinded to the findings of the standardized history
and physical exam, rated his confidence that the patient’s symptoms were due to meniscal
tear and provided a primary clinical diagnosis for the patient’s symptoms. Enrolled subjects
who also had radiographs available via the electronic medical record were included in our
analytic cohort.

Patient Questionnaire and Physical Exam

We obtained information on mechanical symptoms (e.g. catching, locking, swelling, giving
way) with Likert responses that captured the frequency and severity of these symptoms
within the preceding three months.® The questionnaire also included weight, height, and
demographic information, including age, sex, and race/ethnicity.

Data recorded during the physical exam included varus or valgus knee alignment, pes planus
or cavus, and location of knee pain or tenderness. Additionally, the research assistant
administered several provocative tests, such as the McMurray maneuver, Apley compression
and Waldron tests.12-16 The protocols used to perform and evaluate these physical
examination maneuvers are provided in the Appendix.

A research staff member trained in knee radiographic assessment documented radiographic
information, including osteophytes and joint space narrowing (JSN) on a 4-point scale (0-3,
with 0 denoting normal and 3 the most severe findings) according to the Osteoarthritis
Research Society International (OARSI) guidelines.1” Osteophytes were evaluated in four
compartments: lateral femoral, medial femoral, lateral tibial, medial tibial. JSN was recorded
for the lateral and medial aspects. Along with individual osteophyte and JSN scores, we
calculated a Kellgren—Lawrence (KL) grade and OARSI Summary Score for each subject
with radiographs available.

Physician Assessment

After evaluating the patient clinically in the office visit, the orthopedist indicated his
confidence that the patient’s symptoms were due to a meniscal tear. The surgeon endorsed a
level of confidence from 0% (certain that the patient’s symptoms were not due to a
meniscal tear) to 100% (certain that the patient’s symptoms were due to a meniscal tear).
The surgeon then indicated the primary diagnosis he thought was responsible for the
patient’s symptoms. The surgeon chose from a list of possible primary diagnoses that
included symptomatic meniscal tear, patellofemoral OA, tricompartmental or tibiofemoral
OA, symptomatic meniscal tear AND OA, rheumatoid arthritis, patellofemoral syndrome,
symptomatic anterior cruciate or medial collateral ligament tear, or other.
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Statistical Analyses

RESULTS

Enrollment

We defined the primary outcome as the physician’s confidence that the patient’s symptoms
were due to meniscal tear, which we dichotomized at 70%. We chose this threshold both
because it is clinically sensible and because the distribution of confidence scores revealed a
cluster at 70% and greater. The secondary outcome was the expert clinician’s impression of
the primary diagnosis of SMT. We performed bivariate analyses of the associations of
history, physical examination, and radiographic findings with this primary outcome. History,
physical exam, and radiographic findings associated with the primary outcome in bivariate
analyses (at p < 0.05; or odds ratio (OR) > 1.5 or OR < 0.67) were advanced to multivariate
logistic regression models. Findings associated in the model (at p < 0.05; OR > 1.5 or OR <
0.67) with physician confidence that symptoms were due to SMT were included in an
additive index. Based on the results of the logistic regression model, we assigned weights for
factors included in the additive index roughly proportional to the adjusted odds ratios. We
then calculated the proportion of subjects with particular index scores for whom the expert
clinician indicated =70% confidence that the symptoms were due to meniscal tear.

We tested the robustness of the regression model by performing 30 separate models of
random sub-samples of 160 (~92%) of the 174 subjects. These models yielded a distribution
of 30 parameter estimates for each of the predictor variables. We examined the 95% CI of
these parameter estimates.

We performed a set of sensitivity analyses using the secondary outcome: diagnosis of SMT
by the expert clinician. We examined the proportion of patients assigned as SMT by
clinicians in each additive index score category.

During the period of December 2011 through May 2014 we screened 2,315 patients aged 45
or greater seeing one of the orthopedic surgeons for knee pain. We excluded 1,209 patients
upon reviewing the electronic medical record (Figure 1). Another 750 patients did not show
up in clinic or were not approached by research coordinators, leaving 356 patients who were
approached in the clinic. Of these, 79 (22%) refused and 276 agreed to participate; 193
(71%) of the 276 completed both the questionnaire and the physical examination and
comprised the study sample. Of the 193 patients who completed the questionnaire and
physical examination, 174 had radiographs available via the electronic medical record and
were included in our final analytic cohort. Demographic characteristics were similar
between subjects included in our analytic cohort and those excluded.

Sample Characteristics

The mean age of participants was 63 (SD 9), with 63% of subjects greater than 60 years old.
Forty percent were male, and one-third of subjects had body mass index greater than
30kg/m2. The subjects had moderate to severe knee pain and functional limitation with
WOMAC Pain and Function scores of 36 (SD 19) and 34 (SD 21) respectively (0-100 scale,
with 100 worst). On radiography, approximately 90% of subjects had evidence of JSN and
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97% presented with an osteophyte in at least one compartment. Fifty-six percent of subjects
with JSN had a maximum JSN score of 1, and 32% of those with an osteophyte had a
maximum osteophyte score of 1, indicating mild JSN or osteophyte size.

Prevalence of symptomatic meniscal tear

The physician reported =70% confidence that symptoms were due to meniscal tear in 42
(24%) subjects and assigned 40 (23%) subjects a primary diagnosis of symptomatic
meniscal tear. Another 24 (14%) subjects had primary diagnosis of symptomatic meniscal
tear AND osteoarthritis. The expert physicians assigned 94 subjects (54%) a primary
diagnosis of OA.

Bivariate associations between history, physical examination, radiographic findings and
physician’s confidence in diagnosis of symptomatic meniscal tear (Table 1)

On history and clinical symptoms, the expert clinicians were more likely to indicate =270%
confidence that the patient’s symptoms were due to meniscal tear in subjects with BMI < 30
kg/m? than in those with BMI > 30 kg/m? (OR 4.28, 95% CI 1.68, 10.88). Pain duration less
than one year (OR 10.95, 95% CI 2.53, 47.39), pain localized to one spot (OR 2.54, 95% CI
1.23, 5.22), and ability to fully flex the knee (OR 3.04, 95% CI 1.11, 8.34) were also
associated with increased likelihood of clinicians’ indicating =70% confidence that
symptoms were due to meniscal tear. Of note, we did not find clinically important or
statistically significant associations between swelling, grinding, clicking, locking, catching,
popping and giving way and the physician’s confidence that the symptoms were due to
meniscal tear.

On physical examination, absence of varus alignment (OR 2.78, 95% CI 1.01, 7.69) and
absence of pes planus (OR 5.26, 95% CI 2.04, 12.50) were associated with greater odds of
>70% physician confidence in the diagnosis of SMT. (Note that we present the ORs
associated with the absence of the finding in the text so that the ORs are all positive, for
consistency and ease of interpretation).

The expert clinicians were more likely to indicate =70% confidence that the subject’s
symptoms were due to meniscal tear in subjects with absence of JSN (OR 5.56 95% CI 1.96,
16.67), KL grade of 0 or 1 (OR 4.80, 95% CI 2.29, 10.04), and OARSI summary score < 6
(OR 4.10, 95% CI 1.92, 8.73). Presence of osteophytes was not associated with clinicians’
confidence that the symptoms were due to meniscal tear. As presence of JSN is a practical
measure frequently used in a clinical setting, radiographic evidence of JSN, but not KL
grade or OARSI summary score, progressed into the multivariate model.

Multivariate associations between history, physical examination, radiographic findings and
physician’s confidence in diagnosis of symptomatic meniscal tear

In the logistic regression model, six findings were associated with greater likelihood that the
expert clinician indicated =70% confidence that pain was due to meniscal tear (Table 2).
These included localized pain (OR 2.14, 95% CI 0.89, 5.19), ability to bend knee fully (OR
3.42,95% ClI 1.09, 10.71), duration of pain < 1 year (OR 10.46, 95% CI 1.89, 57.77), lack
of varus alignment (OR 4.22, 95 % CI 1.30, 13.73), lack of pes planus (OR 5.90, 95% ClI
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1.90, 18.31), and lack of JSN on x-ray (OR 8.37, 95% CI 2.24, 31.36; Table 2). Other factors
that had statistically significant bivariate associations with physician confidence in the
diagnosis, such as obesity, dropped out of the multivariable model.

Additive Index

Based upon these regression results, we constructed an additive index of the likelihood of
meniscal tear proportional to the adjusted OR. We assigned two findings a value of one point
(localized pain and ability to fully bend knee), two a value of two points (lack of varus
alignment and lack of pes planus), and two a value of four points (duration of pain < 1 year
and lack radiographic evidence of JSN). Greater index scores were associated with
increasing likelihood that the expert clinician had >70% confidence that symptoms were due
to meniscal tear (Table 3, Figure 2). The data in Table 3 show that select history and physical
examination findings identified a group of 36 subjects (22% of the sample) with very low
(3%) risk of SMT and a group of 46 subjects (28% of the sample) with a risk of 54%.

To test the robustness of the multivariate model that gave rise to the index, we replicated the
model thirty times randomly selecting partial data sets of 160 subjects from the full sample.
In each of these models, the means of the parameter estimates (log OR) for each of the
predictor variables shown in Table 2 did not change by more than 4%, supporting the
robustness of the model.

Diagnosis of symptomatic meniscal tear (Table 4)

The index was also effective in stratifying subjects according to the secondary outcome, the
expert physician’s suspected primary diagnosis. Two (6%) patients out of 36 in the group
with the lowest scores on the index (0-4) were assigned a diagnosis of SMT by clinicians,
whereas 32 (70%) out of 46 in the group with the highest additive index scores (9+) were
assigned an SMT diagnosis by clinicians.

DISCUSSION

Up to one-third to one-half of individuals greater than 45 years old have imaging evidence of
meniscal tear.2 While the majority of these tears are asymptomatic, over 500,000
arthroscopic partial meniscectomies are performed annually in the US.18 The large number
of surgical procedures performed for meniscal tear attests to the frequency with which the
diagnosis of symptomatic meniscal tear is made and suggests that this diagnosis frequently
leads to consideration of surgery. These observations and the conflicting results of
randomized controlled trials of surgical therapy in patients with degenerative meniscal tear

highlight the importance of making an accurate diagnosis of symptomatic meniscal
tear. 19-22

The sample of middle age and older subjects with knee pain in this study had an overall
prevalence of symptomatic meniscal tear, as judged by an expert clinician, of 24%. The
findings of this study suggest that the history, physical exam, and radiographic findings can
indeed help in the diagnosis of symptomatic meniscal tear. The index derived from the most
diagnostically valuable history, physical examination, and x-ray findings appears to identify
a low risk group comprised of 22% of the sample with less than 5% risk that likely requires
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no further evaluation for symptomatic meniscal tear. The index also identified a higher risk
group comprised of 28% of the sample with risk of 54% in whom further evaluation (e.g.
with imaging tests) may help clinicians develop a firm diagnosis and contemplate invasive
management with injections or surgery. Our secondary analyses, which used the clinicians’
stated primary diagnosis rather than their confidence in the diagnosis of symptomatic
meniscal tear, produced similar results.

However, our findings also warn that the traditional emphasis on the value of “mechanical
symptoms” — clicking, catching, popping, giving way, swelling — in the diagnosis of
symptomatic meniscal tear may have limited utility in middle aged and older patients with
knee pain. Our data suggest that in this population a history of localized (as opposed to
diffuse) knee pain lasting less than one year favored the diagnosis of symptomatic meniscal
tear; whereas, findings of pes planus, varus deformity, and lack of full knee flexion as well
as severity of joint space narrowing suggested alternative diagnoses (generally
osteoarthritis). Our prior study, which demonstrated a role for mechanical symptoms in the
diagnosis of symptomatic meniscal tear had a younger population (mean age 52), perhaps
accounting for the difference in findings regarding the value of meniscal symptoms in the
diagnosis of meniscal tear.®

We acknowledge several limitations. There is no gold standard for the diagnosis of
symptomatic meniscal tear. In particular, while it is tempting to invoke an objective criterion,
such as evidence of tear on MRI scan, ample data suggest that many tears seen on MRI are
asymptomatic 458 In the absence of a gold standard, an expert clinician’s opinion is
frequently used as the best approach to making the diagnosis, which has been employed in
several prior research studies.23-28 This study was conducted in a single referral center and
involved just two orthopedic practices. Further research involving a greater number of expert
clinicians and practices would enhance generalizability. The diagnosis of meniscal tear was
made by one physician in the course of clinical care. We recognize that consensus by two or
more clinical experts could increase the reliability of the diagnosis of symptomatic meniscal
tear. Research coordinators were carefully trained to conduct the physical examination;
however, no formal reliability testing was conducted. Although subjects were generally seen
by the research coordinator first, a few subjects were evaluated by the physician prior to the
research coordinator which could influence the subject’s responses. However, in all
instances, clinicians were blind to the results of the history and physical examination, and
therefore, their diagnoses were not influenced by research findings.

These findings have important clinical implications. Knee pain is among the most common
presenting complaints to primary care physicians, and knee OA affects over 10% of
adults.2%-32 Many of these adults with OA have structural evidence of meniscal tear; thus,
the determination of whether the patient’s symptoms are related to the meniscal tear remains
a key challenge in the management of adults with knee pain. Our findings suggest that the
traditional battery of meniscal symptoms may have limited utility in the diagnosis of
symptomatic meniscal tear in a middle age and older population. Our findings also identify a
low risk group (<5% risk) in whom further evaluation for meniscal tear may not be justified,;
reducing the utilization of additional diagnostic imaging and surgical intervention in this low
risk group could lessen the economic burden of this diagnosis. We further identify patients
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with moderate risk (~50% risk), in whom presumptive non-operative treatment and
diagnostic testing for meniscal tear may be reasonable, and patients who appear to have a
high likelihood of symptomatic meniscal tear in whom discussion of surgical intervention
could be practical. Further research is required to confirm these findings in independent
samples and to determine whether the use of the diagnostic index improves outcomes of
care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE AND INNOVATION

. Localized pain, ability to bend the knee fully, duration of pain < 1 year, lack
of varus alignment, lack of pes planus, and lack of joint space narrowing on x-
ray are associated with higher likelihood of expert physician diagnosis of
meniscal tear.

. Commonly elicited mechanical symptoms may have limited utility in the
diagnosis of symptomatic meniscal tear in a middle age and older population.

. We identify a low risk group in whom further diagnostic evaluation for
meniscal tear may not be necessary and a moderate risk group in whom
additional testing for meniscal tear appears justified.
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2315 Patients were screened

1209 Patients were excluded
88 Did not speak English
7 Did not have knee pain
294 Had bilateral knee pain
253 Underwent previous TKR
145 Underwent knee surgery within the
past 5 years
422 Had visit with same physician
within past 1 year

y

1106 Patients were eligible for
the study

750 Patients did not show up in
the clinic or were not
approached

356 Patients were approached

80 Patients refused to
participate or were found
ineligible

A 4

276 Patients were enrolled

81 Patients did not complete
physical exam

2 Patients did not complete
questionnaire

193 Patients completed both
the questionnaire and the
physical exam

19 Patients did not have
> radiographs available via
electronic medical record

174 Patients included in the
analytic cohort

Figure 1.
This figure depicts the flow of subjects through screening and enrollment. 2,315 patients

were assessed for eligibility, of whom 1,106 were deemed eligible for the study. Of the
eligible patients who agreed to participate, 193 completed both the questionnaire and
musculoskeletal exam. Of these, 19 did not have radiographs available for review, leaving
174 included in the analyses presented here.
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Figure 2.

The proportion of subjects in whom the expert clinician indicated =70% confidence in the
diagnosis of symptomatic meniscal tear is shown for each index score category. Higher
index scores were associated with a greater likelihood that the clinician had =70%
confidence that the symptoms were due to meniscal tear.
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Table 1

Associations between clinical history, physical examination, and x-ray features of study participants and
expert clinician’s confidence that the symptoms arise from meniscal tear

Confidence 270%  Confidence < 70%

Characteristic N=42 N=132 OR (95% ClI)
N (%) N (%)
Demographics
Age > 60 29 (69%) 81 (61%) 1.40 (0.67, 2.95)
Female sex 26 (62%) 72 (55%) 1.35 (0.67, 2.76)
BMI < 30 35 (85%) 75 (58%) 4.28 (1.68, 10.88)

Clinical Symptoms

Duration of pain < 1 year 40 (95%) 84 (65%) 10.95 (2.53, 47.39)
Localized pain to one spot 20 (48%) 34 (26%) 2.54 (1.23,5.22)
Grinding 14 (34%) 66 (51%) 0.50 (0.24, 1.04)
Swelling 28 (67%) 91 (70%) 0.86 (0.41, 1.80)
Can flex knee fully 35 (88%) 92 (70%) 3.04 (1.11, 8.34)
Clicking 8 (19%) 41 (32%) 0.50 (0.21, 1.17)
Locking 9 (23%) 35 (27%) 0.80 (0.34, 1.84)
Catching 12 (29%) 40 (32%) 0.90 (0.42, 1.94)
Popping 18 (43%) 53 (41%) 1.09 (0.54, 2.20)
Giving Way 25 (63%) 78 (61%) 1.05 (0.50, 2.18)

Physical Examination

Varus alignment 5 (12%) 35 (27%) 0.36 (0.13, 0.99)

Pes planus 6 (14%) 60 (47%) 0.19 (0.08, 0.49)

Medial joint line tenderness 15 (36%) 39 (30%) 1.28 (0.62, 2.67)
Crepitus on Waldron test 21 (54%) 71 (64%) 0.66 (0.31, 1.38)
Pain on McMurray Maneuver 20 (48%) 44 (34%) 1.76 (0.87, 3.56)
Apley grind test 5 (12%) 12 (10%) 1.31 (043, 3.96)

X-Ray Findings

Presence of osteophyte 39 (93%) 129 (98%) 0.30 (0.06, 1.56)
Presence of joint space narrowing 32 (76%) 125 (95%) 0.18 (0.06, 0.51)
KL Grade 0, 1 27 (64%) 36 (27%) 4.80 (2.29, 10.04)

OARSI Summary Score < 6 30 (71%) 50 (38%) 410 (1.92, 8.73)
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Table 2

Logistic regression model of clinical, radiographic and physical examination features associated with
physician confidence =70% in diagnosis of symptomatic meniscal tear

Characteristic Adjusted OR  95% ClI  Additive Index Value
Local vs. diffuse pain 2.1 09-5.2 1
Bending knee freely vs. with restriction 3.4 1.1-10.7 1
Duration of pain < 1 year 10.5 19-57.8 4
Absence of genu varum vs. varum 4.2 1.3-137 2
Absence of pes planus vs. planus 5.9 19-183 2
Absence of joint space narrowing vs. presence 8.4 22-314 4
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Sensitivity analysis: Patients’ risk of SMT as defined by additive index and physician’s diagnosis of SMT

Table 4

Index Score Range

Physician’s Diagnosis of SMT

n (%)
No Yes
0-4 33 (94%) 2 (6%)
5-6 24 (65%) 13 (35%)
7-8 29 (66%) 15 (34%)
9+ 14 (30%) 32 (70%)

Footnote: Final model included 162 subjects from the analytic cohort who had responses to all six predictor variables and physician’s primary

diagnosis documented. SMT, symptomatic meniscal tear.
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