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Concomitant partial meniscectomy worsens outcome
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ABSTRACT - In this multi-center study involving 412
patients, we assessed the influence of concomitant partial
meniscal resection on the medium-term clinical results
after anterior cruciate ligament reconstruction. We per-
formed a resection of minimum one-third of the medial
or lateral menisci in 137 patients (group M) and found
intact menisci in 275 patients (group NM). Those who
had undergone previous meniscal surgery, subsequent
meniscal surgery or a re-rupture of the anterior cruciate
ligament graft during the follow-up were not included.

After a median of 3 (2-6) years, the patients were re-
examined by independent observers. Group M patients
had more pain, swelling and laxity than those in group
NM; they also had a worse classification according to
the IKDC system, lower Lysholm scores and a greater
proportion of patients with loss of motion.

The commonest concomitant intra-articular lesion
seen during anterior cruciate ligament (ACL) recon-
struction involves the menisci which are affected
in about 40-70% of patients (Noyes and Barber-
Westin 1997, Stapleton 1997, Karlsson et al. 1999,
Wiger et al. 1999). Meniscal pathology seems
to increase with the amount of time that elapses
between the injury and reconstruction (Jomha
et al. 1999b, Karlsson et al. 1999). It has also
been reported that radiographic signs of arthrosis
increase after partial meniscectomies alone or in
conjunction with ACL reconstruction and that
intact menisci are important for function of the
knee (Lynch et al. 1983, Sommerlath et al. 1991,
Aglietti et al. 1994, Kiillmer et al. 1994, Roos et al.

1994, 1995, 1998, Jomha et al. 1999a, Kartus et al.
1999, Shelbourne and Gray 2000).

We compared the medium-term clinical results in
patients who, at the time of arthroscopic ACL recon-
struction, underwent concomitant partial meniscal
resection with those who had intact menisci. Our
hypothesis was that the former patients would have
a worse functional outcome than the latter.

Patients and methods

It is routine practice in the 4 participating institu-
tions to collect data prospectively on all patients
undergoing ACL reconstruction. However, this
study was designed and implemented retrospec-
tively.

At follow-up, patients were divided into 2 study
groups depending on whether they had undergone
substantial meniscal surgery (group M, removal
of at least 1/3 of the medial or lateral meniscus;
group NM, intact menisci) at the time of the ACL
reconstruction. The study groups were comparable
in terms of age, reconstructive technique and pre-
injury activity level (Table 1).

To minimize initial confounding factors, the
inclusion criteria were:

All patients had undergone an arthroscopic ACL
reconstruction using a central third patellar tendon
or hamstring tendon autograft and interference
screw fixation.

All patients were living in the Sydney metropol-
itan area in Australia or the catchment area of 3
Swedish hospitals at the time of reconstruction.
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No patient had undergone meniscal sur-
gery before the ACL reconstruction.

Table 1. Demographics of the patients

A reconstruction was performed on GroupM GroupNM  P-value
a pain-free mobile joint between 3 (n137) (n 275)
weeks and 6 months after the ACL rup- Gender
ture, before resuming sports and before Female 47 (34%) 123 (45%) 0.04
any major episode of instability had Male 90 (66%) 152 (55%)
recurred Age (years) 26 (14-63) 25 (14-53) 0.1
i’ ) mean 28 (SD10) 26 (SD 7.9)
No patient had had meniscal sutures at Preinjury activity level
the time of ACL reconstruction. Strenuous 110 (80%) 229 (83%) 0.5
. Moderate 21 (15%) 36 (13%)
N9 patient undf':rwent subsequent Light 5 (4%) 9 (3%)
meniscal surgery during the follow-up. Sedentary 1 (1%) 1 (1%)
The follow-up ranged between 20 and Reconstructive technique
73 months Patellar tendon 71 (52%) 152 (55%) 0.5
N Hamstring tendons 66 (48%) 123 (45%)
The patients suffered no re-rupture of  Articular surface
the reconstructed ACL during the fol- damage at reconstruction 30 (22%) 21 (8%) <0.0001

low-up.

The patients had a normal contralateral
ACL before the index operation and sustained no
contralateral ACL rupture during the follow-up.

The inclusion criteria were fulfilled by 460
of 3,468 patients who had undergone primary
ACL reconstruction in all 4 institutions. Follow-up
examinations were done in 412/460 (90%); 48
declined to attend the follow-up, could not be
located, or lived too far away to attend. As regards
the demographics, the patients who were lost to
follow-up were similar to those fulfilling the inclu-
sion criteria. Group M comprised 137 patients and
group NM 275.

The patients underwent arthroscopic ACL recon-
struction using a patellar tendon autograft (Rosen-
berg 1991) or combined semitendinosus and graci-
lis autograft (Corry et al. 1999). Interference screw
fixation was used in all patients both on the tibial
and femoral sides (Kurosaka et al. 1987, Corry et
al. 1999). Stability of the joint was confirmed at the
end of the procedures by performing the Lachman
and anterior drawer test.

At the index operation, there were significantly
more male patients in group M than in group NM.
In group M, 45 (33%) patients required surgical
treatment of the medial meniscus, 67 (49%) of the
lateral and 25 (18%) required treatment of both the
medial and the lateral menisci. Articular surface
damage was more often found in group M than in
group NM (Table 1).

We used an accelerated rehabilitation program
permitting immediate full range of motion and full

weight bearing. Range of motion exercises were
directed towards achieving full extension. Closed
kinetic chain (axial load bearing) exercises with
proprioceptive training were started within the first
postoperative week. Return to a competitive sport
was not permitted until at least 6 months after sur-
gery and only after knee stability was reconfirmed
on clinical examination.

Five physiotherapists and one research assistant
who were not involved in the rehabilitation of the
patients performed all the follow-up evaluations.
Before the study, all observers were given instruc-
tion with a view to minimizing intra-observer
variations. At re-examination, the observers were
blinded as regards the meniscal status at the index
operation.

We used the modified Lysholm knee score
(Tegner and Lysholm 1985) and completed it by
a self-questionnaire, as described by Hoher et al.
(1997).

We also used the International Knee Documenta-
tion Committee (IKDC) classification, as described
by Hefti et al. (1993). This score is based on a
subjective evaluation of knee function, including
activity level and symptoms. Independent examin-
ers assessed the range of motion (ROM) and liga-
ment laxity. The results were graded as A (normal),
B (nearly normal), C (abnormal) or D (severely
abnormal). The worst grading in each subgroup
determines the subgroup grading and the worst
subgroup grading is decisive for the final evalu-
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ation, which is reported in the section on results.
The activity level was classified as strenuous, mod-
erate, light and sedentary, according to the IKDC
classification system (Hefti et al. 1993).

The patients performed the one-leg hop test by
jumping and landing on the same foot with their
hands behind their back (Tegner et al. 1986). Three
attempts were made for each leg and the longest
jump was registered for each leg separately. A
quotient (%) between the index and uninjured leg
was calculated. The result was classified as normal
(100-90%), nearly normal (89-76%), abnormal
(75-50%) or severely abnormal (< 50%), as sug-
gested by the IKDC classification.

We used the instrumented KT-1000 test (MED-
metric Corp., San Diego, CA, USA) to evaluate the
amount of anterior sagittal laxity of the index knee
as compared with the uninjured knee using a force
of 89 N. All six observers who performed KT-1000
tests had experience with this method. The manual
Lachman test was performed with the knee in
30° of flexion with the patient on an examination
couch. It was graded as 0, +1, +2 and +3 com-
pared with the uninjured contralateral side. The
pivot shift test was graded according to the IKDC
classification as 0, + (glide) and ++ (clunk).

The ROM was measured with a goniometer to
the nearest 3°. Any loss of motion compared with
the normal contralateral side was registered; for
example, if full hyperextension equal to the contra-
lateral side was not regained, the patient was clas-
sified as having a loss of extension. The patients
were then categorically classified as having an
extension deficit or not. The same procedure was
used for the flexion measurements.

We paid particular attention to the evaluation
of pain and swelling on activity. The highest pos-
sible pain-free activity level was registered and
classified as strenuous, moderate, light or seden-
tary, according to the IKDC classification system
(Hefti et al. 1993). The highest possible activity
level without swelling was classified in a similar
way.

Statistics

Median (range) values are reported unless means
and standard deviations (SD) are indicated. For
comparisons between the study groups, the Mann-
Whitney non-parametric U-test was used for ordi-

nal and interval scale variables and Fisher’s exact
test for dichotomous variables.

To avoid possible confounder effects of gender,
age, articular surface damage at reconstruction and
preinjury activity level, a control group to group
M was selected from group NM to make the mar-
ginal distributions of the confounding variables as
identical as possible. To make the distributions of
articular surface damage at reconstruction equal in
the study groups, we could only include the first 10
patients of 30 in group M with this type of injury.
This placed 117 patients in group M’. Next, we
selected a control group for group M’ from group
MN individual by individual by minimizing the
maximal t-values between the two groups over the
above variables for all patients in group NM not
yet included in the control group. The procedure
was stopped when the maximal t-value started to
increase substantially and placed 223 in group NM’
matched for the marginal distributions. In the statis-
tical analysis involving group M’ and group NM’;
confounding bias was eliminated by this procedure.

For the main result variables, we performed
a complementary multivariate logistic regression
analysis on all patients adjusted for the baseline
variables. Due to non-normality of the Lysholm
score, even after transformation, the score was ana-
lysed as the explained variable in the multivariate
logistic regression analysis and the group was ana-
lyzed as the dependent variable (O’Brien 1988).

All significance tests were two-tailed and done
at the 0.05 significance level.

Results

At the follow-up examination, we found a lower
Lysholm score and worse classification according
to the IKDC system in group M than in group NM
(Table 2). The patients in group M had more pain
and swelling with activity, and a greater proportion
showed loss of motion than those in group NM
(Table 2). The KT-1000 laxity test and pivot shift
tests were similar in the study groups; however,
using the manual Lachman test, the patients in group
M were found to have an increase in laxity (Table 3).
In terms of the activity level and one-leg-hop test,
we noted no differences between the study groups
(Table 3).
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The distributions of gender, age, articu-
lar surface damage at reconstruction and

Table 2. The results of the Lysholm score, final IKDC evaluation,
maximum pain-free activity level, maximum activity level without
swelling and loss of motion before confounder adjustment

preinjury activity level were almost iden-

tical in the selected group M’ and its

matched controls in group NM’ (Table 4). Czrr101u§7I;/I GE:L;‘;SN)M Pl
In the statistical analyses of group M’
and its matched controls in group NM’, Follow—up period (months) 37 (20-68) 46 (22-73)
: : mean 8 (SD 13) 4 (SD 15)
the former still had lower evaluation /"o o ooints) 90 (35-100) 95 (45-100) <0.0001
scores, more swelling with activity, more Final IKDC evaluation
loss of motion and greater laxity than the Normal 30 (22%) 17 (42%) 0.003
Nearly normal 75 (55%) 8 (43%)
latter (Table 5). o Abnormal 28 (20%) 32 (12%)
In the complementary multivariate Severely abnormal 4 (3%) 8 (3%)
analyses adjusted for all baseline vari- Maximum pain-free
; ; activity level
ables, we still found dlffer'ences between Sy —— 82 (60%) 208 (76%) 0.001
the groups for the most important out- Moderate 35 (26%) 42 (15%)
come variables, the Lysholm score (p = Light 14 (10%) 17 (6%)
0, 0,
0.0003), loss of extension (p = 0.0003) Sedentary 6 (4%) 8 (3%)
. Maximum activity level
and loss of flexion (p = 0.02). without swelling 2 (n 130) (n 268)
Strenuous 84 (65%) 220 (82%) 0.0001
Moderate 37 (28%) 39 (15%)
Light 7 (5%) 8 (3%)
. . Sedentary 2 (2%) 1 (0%)
Discussion Loss of extension 35 (26%) 32 (12%)  0.0006
Loss of flexion 44 (32%) 55 (20%) 0.01

Our principal finding was that the

medium-term results were worse in
patients who underwent concomitant par-
tial meniscal resection at the time of
ACL reconstruction than in those who had intact
menisci. An advantage of our study is that the eval-
uations were done by blinded observers who had
no knowledge of the meniscal status of the patients
and were not involved in their treatment. Further-
more, the study groups were large, a follow-up rate
of 90% was achieved and efforts to minimize con-
founding factors were made.

A potential weakness is that patients in group
M may have had a severer initial injury or a menis-
cal tear before the ACL rupture and therefore had
a less favorable outcome. It is also possible that
group NM had meniscal lesions which were not
detected at arthroscopy and therefore not regis-
tered.

When we planned our study, we decided that the
main aim was to evaluate the effect of concomi-
tant partial meniscal resection on the results after
ACL reconstruction. Therefore, we avoided anal-
yses between subgroups based on variables such
as gender, graft type, institution and whether the
meniscal tears were medial or lateral.

Both the analysis of the matched subgroups,

214 missing values

where the influence of the baseline variables of
age, gender, preinjury activity level and articular
surface damage were eliminated, and the multi-
variate analyses of the main variables adjusted for
the baseline variables strengthen the view that con-
comitant partial meniscectomy is detrimental for
knee function in the long run.

Due to the nearly identical distributions of the
baseline variables in group M’ and its matched
controls in group NM’, we achieved a good inter-
nal validation in terms of confounding bias.

One analysis was confined to subgroup NM’
out of the original group NM, to match group M’
in terms of the baseline variables (Table 5). This
suggests a somewhat higher age and higher pro-
portion of males and articular surface damage in
group NM’ than in the original group NM. One
should bear this in mind when generalizing the
results. Despite the loss of patients in the proposed
restricted analysis, the statistical power is prob-
ably higher, due to the large number of patients
in the groups, compared to a stratified analysis,
where the numbers in the strata are often very few
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Table 3. The results in terms of stability, activity level and the one-

leg hop test before confounder adjustment

partial medial meniscectomy in conjunc-
tion with an ACL reconstruction had
more pain than those who had a normal

Group M Group NM P-value medial meniscus. However, their con-
(0 Te7) Wers) clusion was based on a comparison of
KT-1000 test @ (n128) (n 263) only 39 patients. Kiillmer et al. (1994),
(mm) 1(-2-9) 1 (-5-10) in a study of 77 patients with an artificial
mean 1.4 (SD 1.8) 1.3 (SD 1.8) 08 ; hat th ]
Lachman 0 87 (64%) 216 (78%) ooor  ACL graft, found that there was a corre
Lehmen 47 (34%) 55 (20%) lation between meniscal injuries and the
Lachman +2 3 (2%) 4 (2%) development of degenerative changes
Pivot shift 0 128 (93%) 258 (94%) 0.8 : h £ follow- f
Pivot shift +. 9 (7%) 17 (6%) on radiographs a ter. a follow-up o
Pivot shift ++ 0 (0%) 0 (0%) 41 months. McConville et al. (1993)
Activity level studied 64 patients and reported that
Strenuous 68 (50%) 135 (49%) 0.7 h h iscal sureer
Moderate 31(225%) 56 (20%) those who underwent meniscal surgery
Light 31 (22.5%) 69 (25%) in conjunction with an arthroscopically-
Sedentary 7 (5%) 15 (6%) assisted ACL reconstruction had signif-
One-leg hop test P (n 136) (n273) . . - h
St 107 (79%) 232 (85%) i icantly more pain and giving way than
Nearly normal 25 (18%) 32 (12%) those with normal menisci. Shelbourne
Abnormal 4 (3%) 6 (2%) and Gray (2000) showed in a follow-up
Severely abnormal 0 (0%) 3 (1%)

of 482 patients, 5—15 years after open

221 missing values
b 3 missing values

and distributed in a skewed way between the two
groups.

The proposed method also has the advantages
that appropriate statistical methods for these types
of variables could be used and estimates given for
the matched subgroups.

Our findings are similar to those of Aglietti et
al. (1994); they found that patients who underwent

Table 4. The distributions of gender, age, articular sur-
face damage at reconstruction and preinjury activity
level after marginal adjustment for these variables

Group M’ Group NM’
(n117) (n 223)
Gender
Female 41 (35%) 78 (35%)
Male 76 (65%) 145 (65%)
Age (years) 26 (14-54) 26 (14-52)
mean 27 (SD 8.8) 27 (SD 7.3)
Preinjury activity level
Strenuous 95 (81%) 181 (81%)
Moderate 19 (16%) 34 (15%)
Light 2 (2%) 8 (4%)
Sedentary 1 (1%) 0 (0%)
Articular surface damage
at reconstruction 10 (9%) 9 (9%)

ACL reconstruction, that patients with

meniscal damage at the index operation

did worse in terms of subjective and

arthrometric evaluation than those who
had intact menisci. Comparisons with our study are
difficult, because they classified patients who had
meniscal sutures at the index operation as having
intact menisci and they also included those who
underwent multiple meniscal procedures before as
well as after the index operation. Furthermore,
their conclusions were based on a follow-up rate of
only 39%.

Lynch et al. (1983), Roos et al. (1995, 1998),
Sommerlath et al. (1991), McConville et al. (1993)
and Jomha et al. (1999a) have all found that the
degenerative changes on radiographs increase in
the long-term after meniscal surgery. During the
planning of our study, we considered a radio-
graphic evaluation, however, we found it extremely
difficult to perform consistent radiographic evalu-
ations of more than 400 patients in a multi-center
study.

Our findings and those of Karlsson et al. (1999)
and Jomha et al. (1999b) support the view that
patients who want to participate in pivoting sports
should undergo reconstruction as soon as possi-
ble after the acute symptoms have subsided. We
suggest that when the results of ACL reconstruc-
tions are reported, the amount of meniscal pathol-
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Table 5. Main results after adjustment for possible confounders

Corry I S, Webb J M, Clingeleffer A J, Pinc-
zewski L A. Arthroscopic reconstruction of

the anterior cruciate ligament. A comparison

Group M’ Group NM"  P-value of patellar tendon autograft and four-strand
(n117) (n 223) hamstring tendon autograft. Am J Sports Med
1999; 27: 444-54.
Lysholm score (points) 95 (45-100) 90 (35-100) <0.0001 Hefti F, Miiller W, Jakob R P, Stiubli H U. Evalu-
Final IKDC evaluation ation of knee ligament injuries with the IKDC
Normal (A) 27 (23%) 98 (44%) 0.0004 form. Knee Surg Sports Traumatol Arthrosc
Nearly normal (B) 65 (55%) 93 (42%) 1993: 1: 226-34.
Abnormal (C) 23 (20%) 25 (11%) . . . .
Severely abnormal (D) 2 (2%) 7 (3%) Hoher J, Bach T, Miinster A, Boulllqn B, Tiling
Maximum pain-free T. Doe§ the m_ode_ of data collection chaqge
activity level result_s ina subjegtlve knee score? Self-admin-
Strenuous 76 (65%) 164 (74%) 0.1 istration versus interview. Am J Sports Med
Moderate 27 (23%) 36 (16%) 1997; 25: 642-7.
Light 9 (8%) 16 (7%) Jomha N M, Borton D C, Clingeleffer A J, Pinc-
Sedentary 5 (4%) 7 (3%) zewski L A. Long-term osteoarthritic changes
Maximum activity level in anterior cruciate ligament reconstructed
without swelling 2 knees. Clin Orthop 1999a; 358: 188-93.
Strenuous 75 (68%) 183 (83%) 0.002 Jomha N M, Pinczewski L A, Clingeleffer A,
Moderate 28 (26%) 32 (14%) Otto D D. Arthroscopic reconstruction of the
Light 6 (5%) 5 (2%) anterior cruciate ligament with patellar-tendon
Sedentary _ 1 (1%) 1 (1%) autograft and interference screw fixation. The
Loss of extension 31 (26%) 23 (10%) 0.0003 results at seven years. J Bone Joint Surg (Br)
Loss of flexion 36 (31%) 42 (19%) 0.02 1999b; 81: 775-9.
o) )
tgg::;: 31 471; Eggoﬁ.,; 123 521330;3 Karlsson J, Kartus J, Magnusson L, Larsson J,
Lachman +2 3 (3%) 3 (1%) <0.0001 Brandsson S, Erlkgson B L Subagute ver.sus
One-leg hop test d_elayed rf:construcnon_o.f the anterior cruciate
ligament in the competitive athlete. Knee Sur;
Normal 92 (79%) 197 (88%) 0.02 & P g
Nearly normal 21 (18%) 21 (10%) Sports Traumatol Arthrosc 1999; 7: 146-51.
Abnormal 4 (3%) 3 (1%) Kartus J, Magnusson L, Stener S, Brandsson
Severely abnormal 0 (0%) 2 (1%) S, Eriksson B I, Karlsson J. Complications

29 missing values

ogy and surgery should be described, unless this is
done, comparisons with other studies will be dif-
ficult.
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