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Abstract
Purpose—To determine which patient clinical and demographic factors are associated with short-
term rate of recovery from arthroscopic partial meniscectomy in the year following surgery and how
they differ from previously published associations with long-term outcome.

Methods—Depth of meniscal excision, involvement of one or both menisci, extent of meniscal
tear, and extent of osteoarthritis were obtained at surgery, as well as age, BMI, and gender. Mixed
model repeated measures analyses were used longitudinally to identify independent predictors of
recovery, measured by prospectively assessing knee pain, knee function, and overall physical knee
status pre-operatively and at regular intervals throughout postoperative recovery.

Results—Neither advanced age nor increased BMI had any influence on patient recovery over time,
while gender was implicated with women having significantly poorer recovery scores than men (P
< .04). Additionally, differences in variables indicating extent of meniscal tear and resection did not
influence recovery scores over time, and the only surgical factor that impacted all three recovery
variables was extent of osteoarthritis (P < .02).

Conclusions—We have shown that female gender and worse osteoarthritis are associated with a
slower rate of short-term recovery from arthroscopic partial meniscectomy, while age, obesity, and
amount of meniscal tear/resection showed no association with rate of recovery throughout the first
year postoperatively.

Level of Evidence—Level I, high-quality prognostic prospective study (all patients were enrolled
at the same point in their disease with >80% follow-up of enrolled patients).
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Introduction
The American Academy of Orthopedic Surgeons estimates that arthroscopy procedures of the
knee total 636,000 cases per year in the United States.1 Patients are often greatly concerned
with their short-term recovery in the days and weeks following surgery in addition to how they
will fare in the future years ahead. Although there is a new growing interest in short-term
recovery from orthopaedic surgery, current literature has stressed the importance of the end
result of meniscectomy in the long-term2–14; there appears to be limited empirical evidence
regarding immediate recovery following surgical intervention. Surgeons must be able to
discuss evidence-based literature with surgical candidates that describe factors influencing
short-term recovery.

The variables that affect long-term knee status are not necessarily what will affect the patient
postoperatively. Because initial return to function following arthroscopic partial meniscectomy
does not require several years, it is vital to identify clinical factors associated with patient rate
of recovery in the short-term.

Long-term data are plentiful regarding the impact of surgical and demographic variables on
result of meniscectomy. While most have contended that extensive meniscal resection predicts
worse radiographic and functional long-term status,2, 3, 5, 8, 12 some researchers report no
impact of greater removal.14 Many have supported an association between osteoarthritis at the
time of surgery and poor surgical outcome.4, 6, 12, 13 Data regarding medial vs. lateral
arthroscopic partial meniscectomy are mixed: although in vitro modeling postulates that lateral
partial meniscectomy is more dangerous than medial partial meniscectomy,15 in vivo studies
have shown no significant clinical differences.4 It has been shown that younger patient age
predicts a better long-term prognosis after meniscectomy,4, 13 while obesity is associated with
a worse result.6, 7 Additionally, although gender has not been shown to play a role before
postoperative year 15,16, 17, 8 very long-term symptoms and functional limitations are worse
in women who have undergone meniscectomy when compared to men13 and women tend to
have more osteoarthritis 15 to 22 years after surgery.6 These studies, however, have only
analyzed the end result of surgical intervention, and do not address patient recovery in the
immediate postoperative period. Few studies have investigated short-term recovery from
orthopaedic surgical procedures, and we are aware of no study to date that has reported patient
surgical, demographic, and clinical factors influencing postoperative rate of recovery following
surgical intervention.

Although it may appear depth of meniscal excision, involvement of both menisci, extent of
meniscal tear, and degradation of the articular joint surface would adversely affect patient
recovery immediately after surgical intervention as it does in the long-term, there is limited
empirical evidence in the literature to support these clinical beliefs. Nor is it known which of
these variables is most strongly associated with recovery from surgery, and which show a weak
or no association at all. We utilized three physician-rated recovery variables - knee pain, knee
function, and overall physical knee status– at baseline and regular intervals postoperatively to
assess multiple indices of recovery from arthroscopy.

This study evaluates what factors the surgeon can apply to patients’ concerns regarding
postoperative recovery, and how they differ from factors associated with long-term outcome.
We hypothesized that depth of meniscal excision, involvement of both menisci, extent of
meniscal tear, and degradation of the articular joint surface would all adversely affect
postoperative rate of recovery from arthroscopic partial meniscectomy. In addition, relevant
patient demographic factors of age, body mass index (BMI), and gender were also analyzed in
the statistical model because of their potential impact on recovery.
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Methods
One hundred twenty six consecutive arthroscopic partial meniscectomy procedures were
performed and prospective data were collected between August 2000 and August 2005 by one
surgeon at a major University medical center. Demographic characteristics of patient sample
are displayed in (Table 1). All patients were given a preoperative diagnosis of ‘torn medial
meniscus,’ ‘torn lateral meniscus,’ or both by history, physical examination, and confirmatory
MRI. In addition, inclusion criteria for the study included: ages 16–80 years, no history of
injury to either knee that required surgical intervention or produced pain, swelling, mechanical
symptoms, and/or activity restriction for greater than six months, no major varus or valgus
deformities by clinical examination (estimated as requiring less than three-and-a-half
fingerbreadths between medial femoral condyles, no ACL/PCL/LCL/MCL injury, no prior
surgical treatment to either knee, no chronic comorbidities that resulted in restricted physical
activity (e.g., insulin-dependant diabetes mellitus, severe coronary obstructive pulmonary
disease), and not requiring emergency surgery for their injury. Previous knee injury (and
treatment) was reported by the patient and confirmed by preoperative MRI. In summary, these
were otherwise healthy patients with previously healthy knees who experienced relatively
recent onset of knee symptoms caused by meniscal pathology.

Patients were typically identified 2 to 6 weeks before their surgery, and were screened and
recruited by phone once identified by clinical staff as needing arthroscopy for a torn meniscus.
All patients underwent arthroscopic partial meniscectomy on one knee. Approval for all
procedures was obtained from the University Human Investigations Committee. Participation
in this study was completely voluntary, and did not affect delivery of health care in any way.

Patient demographic and initial clinical data were collected and measured by nursing staff
during the preoperative interview, including age, BMI, and gender; more in-depth past medical
and surgical history was collected by the surgeon. Surgical data were collected at the time of
surgery by the surgeon (Figure 1a-1c); example intraoperative arthroscopic images are
displayed in (Figure 2). Recovery variable data was collected by the surgeon 3–10 days
preoperatively, and 1, 3, 8, 16, 24, and 48 weeks postoperatively. All data was collected on a
formal data collection form (Figure 3). After meeting study inclusion criteria, 141 patients
consented to participate. Fifteen patients (10.6%) were lost to follow-up, leaving 126 patients
(89.4% retention) for analysis.

Because of their impact on end result of surgical intervention as indicated in the literature, the
four surgical variables of interest were: depth of meniscal excision, involvement of one or both
menisci, extent of meniscal tear, and extent of osteoarthritis. Involvement of one or both (lateral
and medial) menisci was recorded. In addition, to determine depth of meniscal excision and
extent of meniscal tear, the menisci were divided into six clinically significant divisions
(“zones”): the anterior horn, body, and posterior horn of each of the lateral and medial menisci.
Depth of meniscal excision was determined as the greatest amount of meniscus removed from
any zone. Extent of meniscal tear was designated as the total number of zones involved in the
meniscal tear on the worst side (medial or lateral), maximum of three zones. Extent of
osteoarthritis was assessed using the Modified Outerbridge articular surface grading (ASG)
scale.18 A score for each of the medial, lateral, and patellar joint surfaces by the surgeon at
the time of surgery was recorded. The ASG scale score of the most arthritic of the three joint
surfaces was used as the final score.

Three measures of physician-rated recovery were obtained at each of the pre-and postoperative
time points: knee pain, knee function, and overall physical knee status. The surgeon rated both
knee pain and function on a standardized 0 – 10 scale with higher scores reflecting more severe
pain and higher knee function. This was done with the patient responding to benchmarks in
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order to standardize scoring (e.g. score of 0 is no pain, score of 5 is pain interfering with daily
activities, and score of 10 is worst pain of patient’s life). This scale has been used extensively
to assess both pain and function in a variety of surgical settings, including knee arthroscopy.
19–26 Additionally, it has been shown that physician ratings better predict postoperative knee
pain and function scores than did patients’ ratings.23 Overall physical knee status included
ratings of effusion, extension, flexion, gait, and general progress as determined by the physician
at each office visit. Presence of effusion was determined by physical examination. Prone
flexion (heel height difference between affected and contralateral legs, in millimeters) and
extension were measured in degrees using a goniometer. Normal vs. abnormal gait and general
progress were subjective measures determined by the surgeon at each follow-up visit. The five
physical status variables were assessed individually as described above. In order to illustrate
a general idea of patient status at each followup visit, a dichotomized score of normal/abnormal
was generated for each variable, and a summary score was calculated, with 0 indicating normal
ratings across all five variables and 5 indicating abnormal ratings across all five. Examples of
‘abnormal’ ratings include presence of effusion, difference in flexion/extension between
affected and unaffected knees, and abnormal gait (i.e. observed limp and/or loss of range of
motion that visibly interfered with gait). This summation variable, in addition to the
standardized variables of pain and function described above were used as the three
postoperative recovery variables of interest.

Three mixed model repeated measures analyses were run to identify independent surgical
predictors of recovery. This analytic approach allows use of all available data from all patients,
and is able to analyze several independent variables separately (while controlling for all other
independent variables) over an entire window of time rather than at a single specific endpoint.
Additionally, the mixed model repeated measures analysis design is a ‘within-subject’ design
which inherently has greater statistical power than a ‘between-subject’ design.27 Adequate
patient sample size (power) was confirmed within the mixed model repeated measures
analyses. The variables included in each analysis were as follows: the four surgical variables
(depth of meniscal excision, involvement of one or both menisci, extent of meniscal tear, and
extent of osteoarthritis), and three demographic variables (age, gender, and BMI). Three mixed
model analyses were run, and the three physician-rated recovery variables of knee pain, knee
function, and overall physical knee status were included, respectively, as the dependent
variables.

Results
Tear characteristics, including incidence of one vs. both menisci, number of zones involved,
and depth of meniscal excision are shown in (Table 2). Distribution of Modified Outerbridge
scores are shown in (Table 3); intercorrelations between the four surgical predictor variables
are displayed in (Table 4).

Results of the mixed model repeated measures analyses are shown in (Table 5). Of the
demographic variables, gender was significantly associated with rate of improvement in knee
pain, knee function, and overall physical knee status over time (P = 0.04, P = 0.01, P = 0.01)
respectively. Age and BMI were not were not predictive of recovery in any of the three models
(P > 0.05). Time was also included in the model as a factor to confirm that recovery scores
would improve linearly over time during recovery (P = .001 for all analyses).

The first mixed model repeated measures analysis investigating the association of the surgical
predictor variables with postoperative physician-rated knee pain revealed that extent of
osteoarthritis was significantly associated with rate of recovery (P = 0.01). Depth of meniscal
excision, involvement of one or both menisci, and extent of meniscal tear, however, were not
associated with rate of recovery with regard to knee pain. The second mixed model repeated
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measures analysis analyzed the impact of the surgical predictor variables on physician-rated
postoperative knee function. Again, this analysis revealed an overall main effect for extent of
osteoarthritis (P = 0.01), supporting that greater osteoarthritis was associated with lower knee
function postoperatively over time. Depth of meniscal excision, involvement of one or both
menisci, and extent of meniscal tear were not associated with rate of improvement in knee
function. Finally, the third mixed model repeated measures analysis investigating the influence
of the surgical variables on overall physical knee status revealed that both extent of
osteoarthritis (P = 0.02) and extent of meniscal tear (P = 0.04), were significantly associated
with rate of improvement of overall physical knee status over the recovery period. Depth of
meniscal excision and involvement of one or both menisci were not associated with rate of
recovery with regard to patients’ overall physical knee status score. These results are
summarized alongside previously mentioned long-term outcome data in (Table 6).

Discussion
Currently, physicians are forced to advise patients regarding their short-term recovery based
on anecdotal evidence from their own experience, including intuitions about how patients will
recover based on their age, weight, incentive to recover, amount of tissue resected, and amount
of physical therapy they receive, rather than being able to refer to published data. While one
previous study reported general information concerning when patients could return to work,
school, or daily activity to show that arthroscopy is reliable and cost effective with rapid return
of good knee function,28 it did not discuss specific factors that would influence patient recovery
time and/or return to everyday activities. Similarly, some describe the effectiveness of
supervised physical therapy for recovery from arthroscopic partial meniscectomy,29 while
others have asserted that postoperative recovery with supervised physical therapy was no better
than independent home physical therapy.10

The present study sought to determine which patient variables are associated with rate of
recovery from surgery after arthroscopic partial meniscectomy by examining the influence of
four surgical variables on postoperative recovery over time: depth of meniscal excision,
involvement of one or both menisci, extent of meniscal tear, and extent of osteoarthritis. Using
these results, physicians can inform their patients that even though they are older or must have
a large amount of tissue resected, this will not affect their recovery when compared to other
patients undergoing arthroscopic partial meniscectomy. Conversely, they can notify patients
with significant osteoarthritis that even though they have a small meniscal tear, they may have
poorer postoperative recovery than someone without significant OA changes despite the small
amount of tissue that needs to be resected, and may elect for nonoperative management.

Interestingly, the extent of meniscal tear affected only overall physical knee status, but not
knee pain or function, while depth of meniscal excision and involvement of one or both menisci
had no impact on any aspect of recovery. This is contrasted by studies that have shown that
increased meniscal tear and/or greater amount of meniscal tissue excision have resulted in
poorer outcome.2, 3, 5 Of the surgical predictor variables, only extent of osteoarthritis was
predictive of recovery across all three recovery variables (knee pain, knee function, and overall
physical knee status), with worse osteoarthritis negatively impacting the rate of recovery across
all three recovery variables significantly. It is possible that these results may be explained by
the aneural nature of meniscal tissue. Thus although greater extent of meniscal tear may impact
overall physical knee status variables (such as flexion, extension, etc.) throughout the recovery
period, knee pain and function are not impacted by extent of meniscal tear during the year after
surgery. Variables that have been shown to affect long-term patient status cannot necessarily
be generalized to implicate similar associations when considering short-term recovery from
surgery.
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Of the demographic and clinical variables included in our model, patient age and BMI were
not associated with any postoperative recovery variable over time, although older patient
age4, 13 and obesity6, 7 have been shown to be associated with worse long-term result.
Beginning preoperatively, women had greater knee pain, worse knee function, and poorer
overall physical knee status than men. Postoperatively, these differences continued, with
women continuing to show delayed recovery across all three recovery variables throughout the
postoperative year. These findings are consistent with results of previous research reporting
worse long-term knee status in women.6, 13

While depth of meniscal excision, involvement of one or both menisci, and extent of meniscal
tear were not associated with poorer scores across all three postoperative recovery variables,
extent of osteoarthritis as assessed by Modified Outerbridge articular surface grading was the
only surgical variable that predicted how a patient would recover from arthroscopic partial
meniscectomy. In a multirater, multicenter agreement study of articular cartilage grading,
arthroscopic grading of articular cartilage was reliably assessed across surgeons and centers.
30 Not only can osteoarthritis be reliably assessed, but the present study supports that it has
important implications for recovery: worse osteoarthritis as graded arthroscopically by the
surgeon indicates poorer patient recovery from arthroscopic partial meniscectomy.

In a randomized control trial determining the effectiveness of treating osteoarthritis with
arthroscopic debridement, arthroscopic lavage with or without debridement was no better than
placebo for treatment of advanced osteoarthritis of the knee.31 Since patients with severe
osteoarthritis already have extensive loss of cartilage and soft tissue, our study attests that
further soft tissue removal appears to have minimal impact on patient knee pain and regaining
function in the short-term.

Notable strengths of this study are the prospective longitudinal design and the specific patient
population, with all patients enrolled at the same time in their disease. Less than 10% of patients
were lost to follow-up. This classifies the data as meeting stage I criteria. Also, mixed model
repeated measures analyses were used to determine how the predictor variables were associated
with recovery over the entire recovery period, rather than predicting knee status at a single
specific timepoint.

Because patients are interested in the practical aspects of short-term recovery, that is, when
will they be pain-free and thus able to return to work, sports, leisure time activities, and
activities of daily living, identifying the surgical and demographic variables associated with
short-term recovery has great practical significance for the orthopaedic surgeon. This study
opens the door for future research to determine what variables are associated with short-term
recovery from orthopaedic procedures other than arthroscopic partial meniscectomy. By
allowing the patient to be able to better know and understand their likely timeline for recovery
from arthroscopic partial meniscectomy, “the process of shared medical decision making
between patient and clinician becomes much more informed, educated, and confident.”23

One limitation of this study is that the recovery variables used differ from the outcome variables
used in the previously mentioned studies, thus presenting a possible concern of confounding
differences. In addition the study population, although representative of the university in which
this study took place, is not representative of the average population. Patients were largely
drawn from a university community; the population was not ethnically diverse (5% ethnic
minorities) and included mostly a highly educated patient base (88% were educated through
college or graduate/professional school).
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Conclusion
We have shown that female gender and worse osteoarthritis are associated with a slower rate
of recovery from arthroscopic partial meniscectomy, while age, body mass index, depth of
meniscal excision, involvement of one or both menisci, and extent of meniscal tear showed no
association throughout the first year postoperatively.
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Figure 1.
Surgeon recorded location (A; in any of six clinically significant divisions (“zones”): the
anterior horn, body, and posterior horn of each of the lateral and medial menisci) and depth
(B; each zone divided into quarters along the width of the meniscus) of meniscus removed, as
well as osteoarthritis by modified Outerbridge Score for medial, lateral, and patellar
compartments (C).
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Figure 2.
Intraoperative arthroscopic images showing examples of depth of meniscus removed: 25%
(A), 50% (5mm probe shown for scale) (B), and 100% (C).
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Figure 3.
Example data scoring sheets used during this study. Data collection forms were designed by
epidemiologists and statisticians at a major university hospital.
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Table 1
Patient Characteristics of One Hundred Twenty Six Arthroscopic Partial Meniscectomy Candidates

Variable Value

Gender
  Male 78
  Female 48
Race
  White 120
  Black 1
  Hispanic 2
  Other 3
Age (years) 49.3 ± 10.76 [23–78]
BMI 28.4 ± 5.5 [19.3–47.2]
Marital Status
  Never Married 19
  Divorced or Widowed 13
  Married 94
Education (years) 15.64 ± 1.72
  High School 14
  College 62
  Professional School 50
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Table 2
Frequency of Severity of Patient Knee Pathology and Depth of Meniscal Excision

One vs. Both Menisci Number of Zones Involved (max 6) Depth of Meniscal Excision
(max 100%)

1 Zone 76
One Meniscus: 87 2 Zones 31 25% :37
Both Menisci: 39 3 Zones 14 50% :60

4 Zones 3 75% :27
5 Zones 2 100% :2
6 Zones 0

(126 Total) (126 Total) (126 Total)
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Table 3
Distribution of Modified Outerbridge Scores

Score Frequency

0 14
1 16
2 45
3 40
4 11

(Total: 126)
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Table 4
Intercorrelations Among Surgical Predictor Variables

ASG Depth of Meniscal Excision One/Both Menisci
Depth of Meniscal Excision 0.042

One or Both Menisci Involved 0.108 0.217*
Extent of Meniscal Involvement 0.192* 0.471*** 0.408***

Pearson correlation values demonstrating intercorrelations between each of the surgical predictor variables.

*
p ≤ 0.05

***
p ≤0.001
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Table 6
Long and Short Term Predictors of Poor Outcome/Recovery

Predictor Variable Effects on Postoperative Recovery (This Study) Effects on Long-Term Outcome (Literature)
Depth of Meniscal Excision No Association Significant Predictor of Poor Outcome
Involvement of One or Both Menisci No Association No Literature Available at This Time
Extent of Meniscal Tear No Association No Literature Available at This Time
Extent of Osteoarthritis Significant Predictor of Poor Recovery Scores Significant Predictor of Poor Outcome
Age No Association Significant Predictor of Poor Outcome
Obesity/BMI No Association Significant Predictor of Poor Outcome
Female Gender Significant Predictor of Poor Recovery Scores Significant Predictor of Poor Outcome
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