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Background: Treatment strategies for meniscal tears range from nonoperative management to surgical intervention. However,
national trends in cost-related outcomes and patient factors related to the failure of nonoperative management remain poorly
understood.

Purpose: To describe the costs associated with nonoperative versus operative management of meniscal tears in the 2 years after
diagnosis and examine the relationship between patient characteristics and timing of surgery.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: This study was conducted using the MarketScan databases. Patients diagnosed with a meniscal tear without concom-
itant knee osteoarthritis between January 1 and December 31, 2017, were included. The primary outcome was the total cost of
meniscal tear-related procedures—including insurance deductibles, coinsurance, and net insurance payments—in the 2 years
after diagnosis. Procedures included were as follows: (1) surgery—including meniscectomy or meniscal repair; (2) physical
therapy; (3) medication—including nonsteroidal anti-inflammatories, opioids, and acetaminophen; (4) intra-articular
injections—including professional fee, hyaluronic acid, and corticosteroids; (5) imaging; and (6) clinic visits to orthopaedic special-
ists. Patients were grouped as having undergone early surgery (ES) (<3 months of diagnosis), late surgery (LS) (>3 months after
diagnosis), or no surgery (NS). Multivariate logistic regression was performed to determine the likelihood of undergoing surgery
early and failing nonoperative treatment.

Results: The study population included 29,924 patients with a mean age of 43.9 = 12.9 years (ES: n = 9507 (31.8%); LS: n = 2021
(6.8%); NS: n = 18,396 (61.5%)). Complex (36.6%) and medial (58.8%) meniscal tears were the most common type and location
of injuries, respectively. The mean cost of management per patient was $3835 + $4795. Costs were lower in the NS group ($1905
+ $3175) compared with the ES group ($6759 + $5155), while the highest costs were observed in the LS group ($7649 + $5913)
(P < .001). Patients who were men, >40 years, and with a bucket-handle or lateral meniscal tear were more likely to undergo
surgery early. Patients who were men, <30 years, and with a complex tear or tear to the lateral meniscus were more likely to
fail nonoperative management.

Conclusion: Nonoperative management had the lowest cost burden and should be recommended for patients with appropriate
indications. However, if surgery is necessary, it should be performed earlier.
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Meniscal injuries of the knee are common, and the inci- costs associated with these procedures are high, with vary-

dence of tears to the meniscus has been estimated to be ing levels of treatment efficacy.®'® As we transition toward

60 per 100,000 individuals.* Treatment strategies may a value-based health care system, it is important to reduce

range from conservative management to surgical proce- disease burden by utilizing an evidence-based decision-

dures, such as meniscectomies or meniscal repairs. The making framework to manage patients with meniscal
tears.

The risk factors of meniscal tears have been widely
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degenerative injuries, while surgical interventions are
often recommended for traumatic tears.'? However, identi-
fying patient characteristics associated with failure of non-
operative management of meniscal tears remains poorly
understood because of the lack of studies conducted.'®
Much less is known about factors related to traumatic
meniscal tears and the prevalence of these factors related
to surgery.

This study aimed to describe the costs associated with
nonoperative versus operative management of meniscal
tears in the 2-year period after diagnosis and examine
the relationship between patient characteristics and tim-
ing of surgery.

METHODS

Data Source

Ethical approval for this study was obtained from our insti-
tution. This study was conducted using the MarketScan
Commercial Claims and Encounters and MarketScan
Medicare Supplemental and Coordination of Benefits data-
bases (Merative). The Commercial Claims and Encounters
database comprises medical and drug data from employers
and health plans in the United States for more than
203 million people annually, encompassing employees, their
spouses, and dependents covered by employer-sponsored
private health insurance in the United States. The Medicare
Supplemental and Coordination of Benefits database con-
sists of the Medicare-covered portion of the payment (repre-
sented as Coordination of Benefits Amount), the employer-
paid portion, and any out-of-pocket patient expenses.’

Inclusion and Exclusion Criteria

Patients aged 18 to 65 years who were diagnosed with
a meniscal tear between January 1 and December 31,
2017, were included in the study. Patients with a concur-
rent knee osteoarthritis diagnosis were excluded. Patients
who had switched insurance providers in the 2 years after
diagnosis were also excluded from the analysis.

Outcomes

The primary outcome was the cost of meniscal tear-related
procedures in the 2 years after diagnosis. This included
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deductibles, coinsurance, and net insurance payments
(inflation-adjusted to July 1, 2020, US dollars).'® Current
Procedural Terminology and International Classification
of Diseases—10th Revision codes were used to identify pro-
cedures and diagnoses, respectively (Appendix Table Al).
Procedures included were as follows: (1) surgery—
including meniscectomy or meniscal repair; (2) physical
therapy; (3) medication—including nonsteroidal anti-
inflammatories, opioids, and acetaminophen; (4) intra-
articular injections—including professional fees, hyalur-
onic acid, and corticosteroids; (5) imaging; and (6) clinic
visits to orthopaedic specialists. Patients were grouped as
either having early surgery (ES) (surgery <3 months of
diagnosis), late surgery (LS) (>3 months after diagnosis),
or undergone no surgery (NS) (Figure 1); we believe that
both the LS and NS groups together represented patients
who attempted nonoperative management, with the LS
likely representing failed attempts and the NS represent-
ing successful nonoperative management. The cutoff
period of 3 months was chosen because most patients
(>80%) who underwent surgery did so within this period
(Figure 2).

Statistical Analysis

Descriptive analyses were performed to compare the aggre-
gate costs of all procedures that took place in the 2-year
postdiagnosis period, with differences compared using
1-way analyses of variance or chi-square tests. Multivari-
ate logistic regression was performed to determine the like-
lihood of undergoing ES and the likelihood of undergoing
eventual surgery in patients who had undergone at least
3 months of nonoperative management, adjusting for
patient and injury characteristics. All statistical analyses
were performed using STATA Version 17.0 (StataCorp),
and P < .05 was considered statistically significant.

RESULTS

A total of 29,924 patients (Northeast, 16.5%; Midwest,
21.3%; South, 47.7%; and West, 14.6%) were included in
the analysis, with a mean age (=SD) of 43.9 *+ 12.9 years,
and 12,922 women (43.2%) (Table 1). Of the included
patients, 61.5% (n = 18,396) did not undergo surgery,
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Diagnosis of meniscal tear |

0 months
3 months Nonoperative
management
No surgery (NS) Late surgery (LS)
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Early surgery (ES) | surgery based on patient and

group group

Regression analysis:
Likelihood of undergoing early

group injury characteristics

Regression analysis:

Likelihood of eventual surgery
after 3 months of nonoperative
management based on patient
and injury characteristics

Figure 1. Flowchart of patient management timeline and rationale for selected multivariate logistic regression models. ES, early

surgery; LS, late surgery; NS, no surgery.
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Figure 2. Distribution of time to surgery after diagnosis.

31.8% (n = 9507) underwent surgery early, and 6.8% (n =
2021) underwent surgery late.

Complex tears (36.6%) were the most common type of
tear reported, and the medial meniscus (58.8%) was the
most common tear location. The mean management cost
per patient was $3835 = $4795 (Table 2). Costs were signif-
icantly lower in the NS group ($1905 = $3175) compared
with the ES group ($6759 = $5155), while the highest costs
were observed in the LS group ($7649 = $5913) (P < .001).

Within the 2-year follow-up period, patients who were
>40 years, men, obese, with a bucket handle tear, a lateral
meniscal tear, or a concurrent anterior cruciate ligament
tear were more likely to undergo surgery early (Table 3).
Among patients who attempted nonoperative management
for at least 3 months (ie, the NS and LS groups), those who
were <30 years, men, obese, or had a complex tear or a tear
to the lateral meniscus were more likely to fail and have
surgery later, while higher utilization of physical therapy
(>10 sessions) and pain medication (at least 1 prescription)
were associated with a reduced risk of failure and delayed
surgery (Table 4).

DISCUSSION

The findings of this study indicated that the costs associ-
ated with managing meniscal tears are substantial and
could be attributed to a variety of procedures that patients
undergo. Although several studies have found nonopera-
tive treatment modalities such as physical therapy to be
similar to, or better than, surgical treatment of degenera-
tive meniscal tears,>%'® much less is known about treat-
ment approaches in younger patients with meniscal
injuries and without concomitant knee osteoarthritis. The
main finding of this study was that the cost of health
care utilization among patients who underwent nonopera-
tive management was lower than those who underwent
surgery. This suggests that nonoperative treatment strat-
egies may be a reasonable first-line approach to managing
meniscal tears in this population without resulting in an
excessive cost burden. However, it is also possible that
patients undergoing nonoperative treatments may have
experienced less severe symptoms, as reflected by a reduced
need for physical therapy or medication after diagnosis.

Although a small number of studies have found that
nonoperative management is suitable for traumatic
tears,>” it is likely that a conservative approach may
only be suitable for patients with limited indications. Early
surgical intervention should still be recommended for trau-
matic injuries with specific causes.!®!* Therefore, it is
important for cost-related outcomes reported in this study
to be interpreted in tandem with the results of investiga-
tions related to injury type and severity. This would
strengthen guidelines based on cost-effectiveness for the
treatment of meniscal tears.

Determining the need for surgery is typically surgeon-
driven based on the assessment of injury location and
severity. However, beyond these injury characteristics,
there is poor consensus on other patient factors that may
influence the decision-making process. While degenerative
meniscal injuries may be more responsive to conservative
treatment, traumatic meniscal tears may warrant ES to
prevent subsequent degeneration.?° In our study, we found
that the decision for ES was associated with patients who
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TABLE 1
Demographic and Injury Characteristics of Patients With Meniscal Tears in 2017
Overall NS Group ES Group LS Group
N = 29,924 n = 18,396 n = 9507 n = 2021 P
Time from diagnosis to surgery, mo 2.2+ 3.7 — 1+0.7 8.2 + 5.6 <.001
Type of surgery .103
Meniscectomy only 10,130 (33.9) — 8345 (87.8) 1785 (88.3)
Meniscal repair only 902 (3) — 736 (7.7) 166 (8.2)
Both, same day 496 (1.7) — 426 (4.5) 70 (3.5)
Sex <.001
Male 17,002 (56.8) 9850 (53.5) 5934 (62.4) 1,218 (60.3)
Female 12,922 (43.2) 8546 (46.5) 3573 (37.6) 803 (39.7)
Age, y 439 + 129 44 = 12.7 44.1 = 13 42.1 + 13.4 <.001
Insurance type .013
Low deductible 22,180 (76.2) 13,704 (74.5) 6973 (73.3) 1503 (74.4)
High deductible 7321 (24.5) 4399 (23.9) 2437 (25.6) 485 (24)
Type of injury <.001
Bucket handle 1798 (6) 868 (4.7) 803 (8.4) 127 (6.3)
Peripheral 2502 (8.4) 1596 (8.7) 725 (7.6) 181 (9)
Complex 10,966 (36.6) 4,736 (25.7) 5076 (53.4) 1154 (57.1)
Other/unspecified 14,658 (49) 11,196 (60.9) 2903 (30.5) 559 (27.7)
Location of injury <.001
Medial 17,586 (58.8) 11,304 (61.4) 5273 (55.5) 1009 (49.9)
Lateral 10,984 (36.7) 5774 (31.4) 4203 (44.2) 1007 (49.8)
Other/unspecified 1354 (4.5) 1318 (7.2) 31 (0.3) 5(0.2)
Comorbidities
Hypertension 9321 (31.1) 5699 (31) 3037 (31.9) 585 (28.9) .022
Type 2 diabetes 2987 (10) 1911 (10.4) 911 (9.6) 165 (8.2) .002
Chronic kidney disease 520 (1.7) 340 (1.8) 159 (1.7) 21 (D .026
COPD 421 (1.4) 254 (1.4) 139 (1.5) 28 (1.4) .860
Cardiovascular disease 1139 (3.8) 686 (3.7) 376 (4) 77 (3.8) .650
Obesity 6428 (21.5) 3890 (21.1) 2,101 (22.1) 437 (21.6) .180
Concurrent ACL diagnosis 326 (1.1) 151 (0.8) 142 (1.5) 33 (1.6) <.001

“Data are presented as mean = SD or n (%). Dashes indicate areas not applicable. Bold P values indicate statistically significant differ-
ences between groups (P < .05). ACL, anterior cruciate ligament; COPD, chronic obstructive pulmonary disease; ES, early surgery; LS, late

surgery; NS, no surgery.

TABLE 2
Two-Year Postdiagnosis Management Costs®

Cost, US$ Overall NS Group ES Group LS Group P
Total 3835 = 4795 1905 + 3175 6759 = 5155 7649 *+ 5913 <.001
Surgery 1574 + 2940 — 4079 * 3529 4114 + 3298 .680
Meniscectomy 1426 + 2809 — 3689 + 3496 3760 = 3360 410
Meniscal repair 148 * 988 — 390 + 1596 355 + 1403 .360
Postdiagnosis management 2261 + 3419 1905 + 3175 2680 * 3452 3536 + 4656 <.001
Physical therapy 1291 = 2552 1054 + 2292 1596 + 2710 2018 * 3546 <.001
Medication 197 = 1663 185 = 1553 205 + 1638 263 * 2525 .110
NSAIDs 134 = 1,271 124 = 1179 148 * 1432 166 = 1281 .170
Opioids 60 = 967 58 + 879 54 + 666 95 + 2177 .220
Acetaminophen 3179 4 + 93 3+ 49 3+ 37 710
Injections 92 = 839 90 = 1,052 87 = 227 140 = 338 .029
Professional fee 78 = 772 77 = 967 72 = 211 118 * 316 .050
Corticosteroids 13 + 69 11 =73 14 + 58 20 = 80 <.001
HA 1+72 2 + 88 1+26 2+ 43 .630
Imaging 555 + 793 469 * 736 651 = 832 878 + 958 <.001
Orthopedic visits 127 *= 204 107 += 187 141 = 203 237 + 296 <.001

“Data are presented as mean * SD. Dashes indicate areas not applicable. Bold P values indicate statistically significant differences
between groups (P < .05). ES, early surgery; HA, hyaluronic acid; LS, late surgery; NS, no surgery; NSAIDs, nonsteroidal anti-

inflammatories.
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TABLE 3
Likelihood of Undergoing Early Surgery
Based on Patient and Injury Characteristics®
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TABLE 4
Likelihood of Eventual Surgery After 3 Months
of Nonoperative Management Based on Patient
and Injury Characteristics®

Risk Factor OR (95% CI) P
Age, y

>40 1° —

30-40 0.83 (0.77-0.89) <.001

<30 0.89 (0.82-0.95) .002
Sex

Female 1° —

Male 1.35 (1.28-1.43) <.001
Comorbidities vs absent

Hypertension 1.06 (1-1.13) .065

Type 2 diabetes 0.91 (0.83-1) .055

Chronic kidney disease 0.93 (0.76-1.13) 458

COPD 1.04 (0.84-1.30) 706

Cardiovascular disease 0.96 (0.84-1.10) 571

Obesity 1.11 (1.04-1.18) .003
Insurance type

Low deductible 1° —

High deductible 1.07 (1.01-1.14) .018
Type of injury

Bucket handle 1° —

Peripheral 0.45 (0.39-0.51) <.001

Complex 0.92 (0.83-1.02) 117

Other/unspecified 0.30 (0.27-0.33) <.001
Location of injury

Medial 1° —

Lateral 1.43 (1.36-1.51) <.001
Concurrent ACL tear 1.41 (1.11-1.78) .004

diagnosis vs absent

“Dashes indicate areas not applicable. Bold P values indicate
statistical significance (P < .05). COPD, chronic obstructive pul-
monary disease; ACL, anterior cruciate ligament; OR, odds ratio.

bReference variable.

were older, male, obese, and had a lateral tear or concom-
itant anterior cruciate ligament injury. Other patient fac-
tors that may influence the decision for ES could include
patient occupation, patient desire to resume physical activ-
ity quickly, availability of social support, or simple patient
preference for surgical intervention.

In addition to factors associated with ES, we also iden-
tified factors that are associated with failure of nonopera-
tive management. Patients who were younger, male,
obese, or had a lateral meniscal injury were more likely
to end up undergoing surgery within 2 years of diagnosis.
We also found that postdiagnosis costs were approximately
30% more in patients who failed attempted nonoperative
management compared with patients with early surgical
intervention.

Other interesting findings were noted in this study.
Patients who underwent more physical therapy sessions
in the 3 months after diagnosis were less likely to fail non-
operative treatment. This supports the results of prior
studies that physical therapy alone may be as effective as
surgical intervention for some patients.'"!? A similar find-
ing was also found in patients who received more prescrip-
tions of pain medication. Further prospective studies

Risk Factor OR (95% CI) P
Age, y
>40 1% —
30-40 1.05 (0.91-1.20) .509
<30 1.29 (1.13-1.47) <.001
Sex
Female 1° —
Male 1.24 (1.12-1.37) <.001
Comorbidities, vs absent
Hypertension 1.04 (0.92-1.17) 567
Type 2 diabetes 0.79 (0.65-0.95) 011
Chronic kidney disease 0.63 (0.40-0.99) .047
COPD 1.10 (0.71-1.68) .681
Cardiovascular disease 1.03 (0.79-1.34) .835
Obesity 1.16 (1.03-1.32) .016
Insurance type
Low deductible 1° —
High deductible 1(0.90-1.12) .948
Nonoperative treatment use, high vs low
Physical therapy, >10 0.61 (0.54-0.69) <.001
sessions
Pain medication, at least 1 0.60 (0.54-0.66) <.001
prescription
Corticosteroids, at least 1 1.08 (0.96-1.20) 191
prescription
Type of injury
Bucket handle 1® —
Peripheral 0.66 (0.51-0.85) .001
Complex 1.43 (1.17-1.76) .001
Other/unspecified 0.32 (0.26-0.40) <.001
Location of injury
Medial 1° —
Lateral 2.03 (1.84-2.24) <.001

Concurrent ACL tear diagnosis 1.71 (1.13-2.57) .010

(vs absent)

“Results were assessed in patients who attempted nonoperative
management for at least 3 months. Dashes indicate areas not
applicable. Bold P values indicate statistical significance (P <
.05). ACL, anterior cruciate ligament; COPD, chronic obstructive
pulmonary disease; OR, odds ratio.

bReference variable.

should be conducted to determine the relationship between
patient factors and response to specific nonoperative treat-
ments. As the health care system transitions toward
a value-based model, our findings of risk factors for failed
nonoperative management, if implemented into clinical
decision-making, could translate into substantial savings
(as much as 30%) for the care of these patients.

Strengths and Limitations

The strength of this study lies in the utilization of a large
national database that includes information from different
hospitals and providers. This allows tracking of patients
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across institutions and provides information about patient
history that single-institution studies may lack. The large
study sample and extended length of follow-up of 2 years
more accurately reflect national utilization trends and
help to assimilate the results of prior single-institutional
studies. This study utilized a nationwide database to iden-
tify potential risk factors for the failure of nonoperative
management. In addition, it analyzed cost-related out-
comes of meniscal tears and provided valuable information
about 1 of the most common knee injuries reported in the
United States.

A limitation of this study is the inability to document
treatments with over-the-counter availability. Therefore,
it is possible that the actual utilization of some procedures
(eg, bracing and nonsteroidal anti-inflammatories) has
been underestimated because of the patients’ willingness
to pay out-of-pocket without insurance coverage. In addi-
tion, patient groups could not be matched for injury sever-
ity because of the absence of granular data. In the present
study, laterality codes could not be confidently used to
attribute all procedures identified to the ipsilateral knee.
However, because of the proximity of the procedures per-
formed to the time of diagnosis, it is likely that for most
patients, the procedure performed was for the ipsilateral
knee. Furthermore, the database is dependent on accurate
coding by providers. Therefore, future investigations with
available data could strengthen the results of this study
by controlling for injury severity.

CONCLUSION

Nonoperative management of meniscal tears has the low-
est cost burden and should be recommended for patients
with appropriate indications. However, if surgery is
required, it should be performed earlier. Clinicians could
consider utilizing a decision-making framework based on
patient and injury characteristics to determine the neces-
sity and timing of surgery. Further investigation into val-
idating similar decision-making frameworks through
prospective studies is warranted.
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APPENDIX
TABLE Al
ICD-10 and CPT Codes for Identifying Diagnoses and Procedures®
Variable ICD-10 or CPT Code
Diagnosis
Meniscal tear S83.2—
Knee osteoarthritis M17—
Procedure
Meniscectomy 29880, 29881
Meniscal repair 29882, 29883
Physical therapy 97110, 97140, 97010, 97014, 97112, 97001, 97530, 97035, 97032, 97116, 97012, 97016,
97535, 97113, 97124, 97033, 97150, 97026, 29530, 97750, 95831
Injection fee 20610, 20611, 77002, 76942
TIA-HA Q4083, J7319, J7321, J7322, J7323, J7324, J7325, J7326
TIA-CS J0702, J0704, J1020, J1030, J1040, J1094, J1100, J1700, J1710, J1720, J2650, J2920,
J2930, J3300, J3301, J3302, J3303
Imaging 73560, 73562, 73564, 73565, 73700, 73701, 73721, 73722, 73723
Clinic visits (orthopaedics) 99211, 99212, 99213, 99214, 99215

“ICD-10 codes were used to identify diagnoses; CPT codes were used to identify procedures. — indicates that subsequent alphanumeric
characters are included. CPT, Current Procedural Terminology; IA-CS, intra-articular corticosteroid injection; IA-HA, intra-articular hya-
luronate injection; ICD-10, International Classification of Diseases—10th Revision.



