
The prevalence of radiographically defined knee osteoar-
thritis (OA) in the United States has been shown to range 
from 15% to 50% among individuals ≥ 45 years of age.1,2) 
Findings of meniscal damage are also common, with a 

76% prevalence in asymptomatic individuals ≥ 50 years 
old without radiographic evidence of knee arthritis, and 
even more frequent in patients with OA, with prevalence 
up to 91% in symptomatic patients.3-5)

Knee arthroscopy (KA) is one of the most common-
ly performed orthopedic procedures and its use continues 
to increase.6-8) While previous randomized controlled trials 
have shown no benefit of KA in patients with OA,9,10) these 
trials did not focus on knee OA complicated by a menis-
cal tear, and therefore, could not inform clinical decision-
making regarding KA for meniscal damage in the setting 
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of OA. Subsequent randomized controlled trials for degen-
erative meniscal pathologies found no difference in pain 
relief or functional status between patients treated with 
KA and physical therapy (PT) and those who underwent 
PT alone.11-13) However, KA is still commonly viewed as a 
temporary measure that can achieve pain relief and delay 
arthroplasty.7,14)

The purpose of this study of nearly 12,000 patients 
with meniscal damage in the setting of OA was to evalu-
ate the demographic and clinical patient factors that lead 
to the treatment choice of KA compared to PT-only and 
to assess whether time to arthroplasty was significantly 
different for patients who underwent KA vs. PT-only. We 
hypothesized that patients who underwent KA would be 
more likely to have partial or total knee replacement sur-
gery at any given time than those who had PT alone. 

METHODS

Study Population
From 2002 to 2006, 74,089 patients were diagnosed with 
mild-to-moderate OA and 14,731 of those were concomi-
tantly diagnosed with a meniscal tear. Of the 11,594 who 
met eligibility criteria, 4,883 underwent KA, 2,143 had 
PT alone, and 4,568 underwent pain management only, 
without KA or PT (Fig. 1). Among 7,026 patients who had 
KA (69%) or PT-only (31%), 1,884 (26.8%) had partial or 
total knee replacement surgery during follow-up. This ret-
rospective cohort study was conducted within the Kaiser 
Permanente Southern California (KPSC), an integrated 
healthcare system with a racially and socioeconomically 
diverse membership of approxi mately 4.5 million people 
who are broadly representative of the underlying popula-
tion. The Institutional Review Board of KPSC approved 
the study (IRB No. 10184). 

The study cohort comprised KPSC members who 
met the following eligibility criteria in the period be-
tween January 1, 2002 and December 31, 2006: patients 
who (1) were active members and aged ≥ 45 years, (2) 
had ≥ 2 years of health plan membership duration and 
no prior history of any knee surgery, (3) had an X-ray of 
the knee and subsequent diagnosis of mild to moderate 
knee OA, and (4) after X-ray, had a magnetic resonance 
imaging (MRI) and subsequent diagnosis of medial or 
lateral meniscal tear. Treatment with PT and/or KA was 
assessed among patients meeting these inclusion criteria 
through December 31, 2008. It was assumed that time 
to outcome after KA was due to the surgery and not any 
prior or subsequent PT. Patients who met the inclusion 
criteria but never received either PT or arthroscopy were 

excluded from the analysis. Pregnant women and patients 
whose meniscal damage was complicated by other tears or 
defects identified by MRI, such as presence of loose bod-
ies or anterior/posterior cruciate ligament tears, were also 
excluded.

Cohort Ascertainment
Current Procedural Terminology, 4th Edition (CPT4) codes 
for diagnostic X-ray of the knee (73560, 73562, 73564, 
73565) and International Classification of Diseases, Ninth 
Revision (ICD-9) codes for mild-to-moderate arthritis 
(715.X6, 715.89) followed by CPT4 codes for MRI for 
meniscal damage (73721, 73722, 73723) and ICD-9 codes 
for meniscal tears (836.0-836.2, 717.0-717.5, 717.9, 718.00) 
were used in the identification of the cohort, as well as 
treatment with PT (CPT4: 97001, 97750, 97110, 97112, 
97116, 97140) or KA (CPT4: 29868, 29870, 29877, 29880, 
29881, 29882, 29883). 

Follow-up
The remaining cohort of patients was followed up from 
initial treatment (the first PT encounter for the PT-only 
group, or the date of surgery for the KA group) until one 
of the following: occurrence of a primary outcome of in-
terest, death, disenrollment from the health plan (allowing 
for > 90 day gap in membership), or December 31, 2013 
(maximum potential follow-up of 11 years). If a patient 
in the PT-only group underwent a KA during the period 

11,594 Eligible at time of
meniscal tear diagnosis

(age > 45 years,
membership > 2 years,
no prior knee surgery)

59,358 No meniscal
damage identified

3,137 Not eligible
at time of meniscal

tear diagnosis

4,568 Pain
management only

(2003 2008)

2,143
Physical therapy only
(< 2 years after tear

diagnosis; 2003 2008)

4,883
Knee arthroscopy

(< 2 years after tear
diagnosis; 2003 2008)

74,089 Diagnosed
with mild-to-moderate

osteoarthritis
(2002 2006)

14,731 Diagnosed
with meniscal tear

(2003 2006)

Fig. 1. Cohort ascertainment. 
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2008−2013, which is in the range of 2 to 10 years after 
meeting study inclusion criteria, he/she was censored at 
the date of surgery. The primary outcomes of interest were 
partial or total knee replacement or knee fusion (identi-
fied by CPT4 codes 27440−27447 and 27580). Secondary 
outcomes included the number of ambulatory visits to the 
orthopedics department, encounters in the clinics for pain 
control specific to the knee, pharmacy prescription fills for 
pain medications, and number of knee injections. 

Demographic and Clinical Patient Characteristics
Patient characteristics at index (date of meniscal tear di-
agnosis), such as age, sex, race/ethnicity, payer for insur-
ance, census-based education level, household income, 
comorbidities (for derivation of the Charlson Comorbid-
ity Index),15) body mass index, physical activity, alcohol 
consumption, and smoking status were extracted. The 
number of ambulatory office visits, hospitalizations and/
or emergency department visits, both general and knee 
pain-specific (ICD-9 codes: 719.40, 719.46, 719.49), were 
collected for the year prior to index and the first year of 
follow-up.

Data Quality Assessment
To assess the quality of the coding used to define the co-
hort and identify treatment and outcomes, we performed 
a manual chart review of 400 patient records, randomly 
selected from patients meeting study inclusion criteria: 
150 identified as having KA and 250 identified as having 
PT-only. These proportions were chosen to maximize our 
ability to detect various forms of treatment for the PT-
only group, which were thought to be more challenging to 
identify and characterize.

Statistical Analysis
Demographic and clinical variables for the treatment 
groups were compared by using chi-square test for cat-
egorical variables and t-tests or Wilcoxon rank-sum tests 
for continuous variables as appropriate. Cox proportional 
hazards models were used to estimate the risk of knee 
replacement or fusion surgery associated with treatment 
by KA vs. PT-only. Treatment selection was assumed to 
be categorically fixed and person-time accumulated from 
date of KA or PT until partial or total knee replacement, 
knee fusion, death, disenrollment from the health plan, or 
end of study period, whichever occurred first. Initial treat-
ment choice could be dependent on several pretreatment 
factors that may also independently increase risk for knee 
replacement or fusion surgery over time. To correct for 
this possible bias, logistic regression was used to compute 

a propensity score as the predicted probability of treatment 
choice conditional on the set of demographic and clinical 
pretreatment variables.16,17)

Inverse probability of treatment weights (IPTW) 
were then used to weigh individual observation in the 
estimation of Cox model parameters. The IPTW was cal-
culated as the inverse of the propensity score and included 
age, gender, race/ethnicity, education level, assigned medi-
cal center at time of tear, comorbidities, indicator for use 
of MRI, ambulatory office visits and hospitalizations, both 
general and knee pain-specific in the year prior to tear, 
and medication use prior to tear. SAS ver. 9.2 (SAS Insti-
tute Inc., Cary, NC, USA) was used for statistical analysis. 
Statistical significance was determined at p < 0.05.

RESULTS

Overall, the median (interquartile range: the dif ference 
between 75th and 25th percentile) of patient age at initial 
diagnosis of meniscal tear was 60 years (9), 40% were men, 
and the majority were non-Hispanic white (58%) or His-
panic (24%). The majority of patients (54%) had Charlson 
Comorbidity scores of 0 and 24% had scores greater than 
2. Additionally, 6% of patients were current smokers and 
63% never smoked. PT-only patients were older and more 
likely to be women or African American; they also had a 
greater comorbidity burden, had fewer outpatient visits 
for knee pain, and utilized PT more frequently in the year 
before tear diagnosis. They were also less likely to have 
used narcotic pain medications or had knee injections in 
the year prior to meniscal tear diagnosis than patients with 
KA (Table 1). After propensity score weighting, there was 
a more balanced distribution of baseline characteristics 
between patients who received KA and PT. In particular, 
there was more balance for age, gender, race/ethnicity, 
Charlson Comorbidity scores, outpatient visits in the year 
prior to tear, and prior PT sessions. After weighting, the 
standardized difference was < 0.1 for all variables.

After accounting for differences between groups, 
KA patients were no better off than PT-only patients in 
terms of time to knee replacement surgery (Fig. 2). Total 
prevalence of knee arthroplasty or fusion was significantly 
higher for those who received KA (1,396 knee arthroplasty 
or fusion per 4,883 KA patients [28.6%]) than those who 
received PT-only (488 knee arthroplasty or fusion per 
2,143 PT-only patients [22.8%]) (hazard ratio, 1.30; 95% 
confidence interval, 1.17–1.44) (Table 2). No statistically 
significant differences in healthcare utilization for knee pain, 
narcotic medication dispenses, or knee injections were ob-
served between the groups (Table 3).
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Table 1. Demographics, Clinical Characteristics, Healthcare Utilization, and Medication Use

Variable Knee arthroscopy 
(n = 4,883)

Physical therapy only 
(n = 2,143)

Total 
(n = 7,026) p-value

Age (yr) < 0.001

  45−54 1,706 (35) 586 (27) 2,292 (33)

  55−64 1,848 (38) 762 (36) 2,610 (37)

  65−74 1,037 (21) 550 (26) 1,587 (23)

  ≥ 75 292 (6) 245 (11) 537 (8)

Sex < 0.001

  Male 2,175 (45) 641 (30) 2,816 (40)

  Female 2,708 (55) 1,502 (70) 4,210 (60)

Race/ethnicity < 0.001

  White 2,981 (61) 1,127 (53) 4,108 (58)

  Black 467 (10) 317 (15) 784 (11)

  Hispanic 1,147 (23) 505 (24) 1,652 (24)

  Asian Pacific island 197 (4) 107 (5) 304 (4)

  Other/unknown 91 (2) 87 (4) 178 (3)

Insurance type < 0.001

  Commercial 3,274 (67) 1,265 (59) 4,539 (65)

  Medicaid  47 (1)  25 (1)  72 (1)

  Medicare 1,275 (26)  748 (35) 2,023 (29)

  Private pay 282 (6) 104 (5) 386 (5)

  Other   5 (0)  1 (0)  6 (0)

Charlson Comorbidity Index < 0.001

  0 2,700 (55) 1,070 (50) 3,770 (54)

  1 1,100 (23) 479 (22) 1,579 (22)

  ≥ 2 1,083 (22) 594 (28) 1,677 (24)

Smoking status < 0.001

  Current 352 (7) 103 (5)  455 (6)

  Former 1,127 (23) 472 (22) 1,599 (23)

  Never 2,979 (61) 1,413 (66) 4,392 (63)

  Missing 425 (9) 155 (7)  580 (8)

Outpatient visit for knee pain in year prior to tear diagnosis < 0.001

  0 1,684 (34) 907 (42) 2,591 (37)

  1 1,672 (34) 688 (32) 2,360 (34)

 ≥ 2 1,527 (31) 548 (26) 2,075 (30)
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DISCUSSION

In this study, we demonstrated that in patients with mild-
to-moderate OA detected on X-ray and MRI-confirmed 

meniscal tears, patient characteristics such as older age 
and greater comorbidity were associated with greater like-
lihood of treatment with PT-only. Additionally, our data 
support that among patients with mild-to-moderate OA, 
those who underwent KA for meniscal treatment were 

Table 2. Hazard Ratios

Treatment group Event (no) Crude 
incidence*

Hazard 
ratio†

95% 
Confidence 

interval

Knee arthroscopy 1,396 (4,883) 50.7 1.30 1.17−1.44

Physical therapy 
only    488 (2,143) 38.8 1.00 Reference

p-value < 0.001

*Per 1,000 person-years. †Weighted, adjusted.

Table 3. Outpatient Visit Utilization and Pharmaceutical Use in First 
Year of Follow-up for Knee Pain

Variable Knee arthroscopy 
(n = 4,883)

Physical therapy 
only (n = 2,143) p-value

Outpatient visit 0.93

  0 4,420 (96) 1,959 (96)

  1  129 (3)  62 (3)

  2  32 (1)  16 (1)

  ≥ 3  17 (0)  7 (0)

Narcotic medication*,† 0.62

  0 2,435 (53) 1,087 (53)

  1  815 (18)  378 (18)

  ≥ 2 1,348 (29)  579 (28)

Knee injection* 0.07

  0 3,714 (81) 1,605 (79)

  1  553 (12)  262 (13)

  ≥ 2 331 (7) 177 (9)

Values are presented as number (%).
*Restricted to those with ≥ 1 year of follow-up time (95% of cohort). 
†Excludes narcotic medications dispensed within 7 days of knee arthro-
scopy.

Table 1. Continued

Variable Knee arthroscopy 
(n = 4,883)

Physical therapy only 
(n = 2,143)

Total 
(n = 7,026) p-value

Physical therapy visit in year prior to tear diagnosis < 0.001

  0 2,973 (61) 1,093 (51) 4,066 (58)

  1−4 1,022 (21) 523 (24) 1,545 (22)

  > 4  888 (18) 527 (25) 1,415 (20)

Pharmaceutical pain management in year prior to tear diagnosis

  Patient with at least 1 NSAID 3,059 (63) 1307 (61) 4,366 (62) 0.187

  Patient with at least 1 knee injection 1,017 (21) 364 (17) 1,381 (20) < 0.001

  Patient with at least 1 narcotic 2,336 (48) 954 (45) 3,290 (47) 0.010

  Patient with at least 1 other pain meds  91 (2) 36 (2) 127 (2) 0.595

Values are presented as number (%).
NSAID: nonsteroidal anti-inflammatory drug.

Fig. 2. Survival curves for knee arthroplasty and physical therapy-only 
groups.
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30% more likely to require partial or total knee replace-
ment or knee fusion at any given time. Additionally, there 
was no significant difference in clinic encounters for pain 
management and pharmacy fills for narcotic medications 
to manage pain symptoms in the first year of follow-up.

Demographic and clinical differences were found 
between the KA group and PT-only group. Some of these 
differences could be attributable to clinician judgement, as 
surgeons may be less likely to recommend surgical treat-
ment to older patients with greater comorbidity burdens. 
The patients in the PT group also had fewer outpatient 
visits for knee pain, were more likely to have utilized PT 
in the year prior to diagnosis, and were less likely to have 
used narcotics or knee injections. It is possible that this 
group was already benefiting from PT and decided to 
continue; whereas the KA group was not given the option 
of PT, actively chose not to pursue PT, or did not see any 
benefit from PT. This suggests that there may be different 
subsets of patients within the group of patients with mild-
to-moderate OA and meniscal tears with propensities for 
KA vs. PT-only. 

We also observed a 30% higher risk of partial or 
total knee arthroplasty or knee fusion in the group that 
underwent KA. Though our retrospective study cannot 
fully determine the cause for this, previous studies have 
shown an increased risk for degenerative changes in the 
knee following meniscectomy.18,19) It is thus possible that 
the meniscal debridement, even if limited, involved in the 
arthroscopy procedures in our study may be sufficient to 
disrupt the internal mechanical environment of the knee 
and hasten the need for total knee arthroplasty. While 
progression to partial or total knee arthroplasty may be in-
creased, there may still be a specific subset of OA patients 
that could benefit from KA. For example, OA patients with 
decreased range of motion due to mechanical blockage 
from torn meniscal fragments may immediately benefit 
from intervention with KA through the removal of those 
fragments. However, this subset of OA patients is still yet 
to be determined.

In this study, healthcare utilization and medica-
tion use in the first year of follow-up for knee pain for 
patients who underwent KA was not different from that 
for patients who underwent PT-only. This suggests that 
undergoing KA did neither alter the amount that patients 
were seeking care nor utilizing pharmaceutical treatments. 
Though our study does not directly assess the early pain 
relief associated with KA, it supplements previous studies 
that found no difference in outcomes between KA and PT-
only.11-13,20-22) While the cohorts in most of these previous 
studies were patients with minimal OA,11,12,21,22) Katz et 

al.13) also studied KA versus PT in patients with mild-to-
moderate arthritis and found no difference in the amount 
of improvement 6 months after intervention. Sihvonen et 
al.20) similarly determined in a multicenter, randomized, 
sham-controlled trial involving patients with a degenera-
tive medial meniscus tear that arthroscopic partial menis-
cectomy was not superior to sham surgery, with regards to 
outcomes assessed during a 12-month follow-up period. 
Although both groups had significant improvement in all 
primary outcomes, the patients assigned to arthroscopic 
partial meniscectomy had no greater improvement than 
those assigned to sham surgery. These studies were met 
with criticism from arthroscopists who questioned the 
authors’ methodology. These critics suggested that me-
chanical symptoms remain an indication for surgery and, 
if relieved, imply the surgery is of value.23-26) Furthermore, 
in some of these studies, patients who were originally as-
signed to the PT group reported benefits after crossing 
over to the KA group.12,13) Therefore, while KA may not be 
a good option for every patient, there may be a subset of 
patients who would benefit from KA rather than just PT 
alone. 

There are limitations to this work that should be 
addressed. Without utilizing physical examination of the 
knee, functional status and levels of pain were only indi-
rectly assessed through healthcare utilization. Therefore, 
potential patient and/or surgeon selection bias due to these 
factors may not have been specifically addressed. It was 
also not possible to differentiate between mild, moderate, 
and severe OA using ICD-9 codes alone. We assumed that 
patients with a diagnosis of OA who go on to have an MRI 
and are diagnosed with meniscal tears are individuals with 
mild-to-moderate arthritis since orthopedic clinical guide-
lines do not recommend MRI for meniscal damage among 
individuals with severe arthritis.27) While this assumption 
was validated with the chart review of 400 patients where 
the degree of arthritis was examined and assessed, there 
could have been possible selection bias in that those who 
had worse OA might be more likely to undergo arthros-
copy, and were thus more likely to ultimately need knee 
arthroplasty or fusion. Furthermore, additional patient 
factors such as meniscal tear type and lower limb align-
ment could also contribute to differences between groups 
but were not collected within this study.

Past research has shown no difference in pain relief 
and functional status when KA was compared to PT in 
the setting of knee OA complicated by meniscal tears, and 
our current study demonstrates that KA does not lengthen 
the time to further downstream surgery when compared 
to PT. For patients with meniscal damage complicated by 
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OA, those who underwent KA were 30% more likely to 
have partial or total knee replacement surgery at any given 
time than those who had PT alone. Our results suggest a 
reexamination and potential reduction in use of KA in the 
setting of knee OA with concomitant meniscal tears when 
an intended outcome of the KA is to delay eventual TKA. 
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