
Introduction

The anterior cruciate ligament (ACL) is the primary restraint 
to anterior translation of the tibia1), augmented by the door 
stop phenomenon of the posterior horn of the medial meniscus 
(PHMM)2-6). Associated injuries to the medial meniscus in cases 
with chronic ACL injury are not infrequent in clinical practice. 

The reported incidence is about 61% and three quarters of these 
cases have the injury localised to the posterior horn, which ne-
cessitates removal of the torn posterior horn during ACL recon-
struction in a good number of patients7-9). The incidence of as-
sociated meniscal tears in chronic ACL injured knees is probably 
higher in Indian population where patients seek treatment very 
late. 

Papageorgiou et al.3) suggested that the interplay between the 
ACL graft and the medial meniscus is so substantial that the loss 
of medial meniscus leads to a 33%–50% increase in strain on 
the ACL graft. A routine literature review showed a number of 
experimental and clinical studies focussing on the implications of 
medial meniscectomy in ACL reconstructed knees3,4,10-15). An ab-
sence of a normally functioning meniscus leads to higher instru-
mented laxity and stresses on the articular cartilage predisposing 
to early osteoarthritis (OA)12,16,17). However these studies did not 
specifically evaluate deficiency of any specific portion of the me-
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dial meniscus, particularly the PHMM. The importance of the 
PHMM is very well documented in experimental and cadaveric 
studies but evidence on its clinical relevance is lacking. The need 
for focussed studies to clarify the clinical implications of sacrific-
ing PHMM during ACL reconstructions in chronic ACL injuries 
is obvious. 

The aim of the present study was to find evidence in support of 
the clinical importance of preserving the PHMM to improve the 
outcome after ACL reconstruction for chronic ACL injuries. The 
knees that had ACL reconstruction for chronic ACL injury in the 
past were evaluated using International Knee Documentation 
Committee (IKDC) score, Orthopadische Arbeitsgruppe Knie 
(OAK) score, clinical joint laxity test and radiological evaluation 
of OA changes. These clinical and radiological outcome measures 
were compared between two groups of patients who underwent 
ACL reconstruction: one group with an intact medial meniscus 
and the other group with the PHMM sacrificed during ACL re-
construction.

Materials and Methods

1. Study Material
This was a retrospective study on 77 patients who had under-

gone ACL reconstruction during the period from January 2006 
to 2012 for chronic ACL injury (with a minimum of 18 months 
of follow-up). Injuries older than a year at the time of ACL recon-
struction were considered as chronic injuries. The present study 
analysed findings in these patients at the time when they were 
called for a follow-up evaluation as part of the study. 

Ethical clearance was obtained prior to this study and selec-
tion of cases was done after reviewing the records of 457 cases 
who had undergone ACL reconstruction. Exclusion criteria were 
bilateral knee involvement, other ligament injuries, lateral menis-
cus injury, meniscal root injury, bucket handle tears, significant 
body tears of the medial meniscus, meniscal repair, inflammatory 
pathology, knees with more than physiological varus/valgus de-
formity, BMI <19 kg/m2 and >35 kg/m2, preoperative radiologi-
cal OA changes and/or significant degenerative changes of the 
cartilage at the time of primary ACL reconstruction (greater than 
grade 2 Outerbridge scale18)).

Out of the 110 patients selected after exclusion, only 84 could 
be contacted either through a phone call, email or letter. Seven 
patients refused to come for review due to distant residence; ul-
timately, 77 patients gave informed consent to be included in the 
study. These 77 patients were divided into two groups: group 1 
with 41 patients having an intact medial meniscus and group 2 

with 36 patients having an isolated tear of the PHMM in whom 
the posterior horn was removed. 

2. Surgical Method and Follow-up
All surgeries were performed by the same senior consultant 

(MSD), who had documented the intraoperative status of the 
menisci and cartilage. Diagnostic arthroscopy was performed 
first and those cases found to have tear in the posterior horn had 
partial or subtotal meniscectomy done, based on the type and ex-
tent of the tear. Complex chronic irreparable tears at the red-red 
or red-white zone underwent subtotal meniscectomy whereas 
tears in the white-white zone had partial meniscectomy. Of the 
36 cases in group 2, partial meniscectomy was done in 14 and 
subtotal meniscectomy in 22. Bone-patellar tendon-bone graft 
was harvested and ACL reconstruction was done using the trans-
tibial technique. Fixation of both ends of the graft was done using 
bioabsorbable interference screws after manual tensioning of the 
graft. An accelerated ACL rehabilitation protocol was followed 
in all cases and the follow-up protocol was implemented weekly 
in the 1st month, fortnightly in the 2nd month, monthly up to 6 
months, 3 monthly up to 12 months and yearly thereafter.

3. Outcome Analysis
Patients included in the study had evaluation of knees done us-

ing the OAK score19) and the 2000 IKDC subjective knee evalu-
ation form20). Clinical tests for residual laxity were conducted 
in the form of the anterior drawer test, Lachman test and pivot 
shift test by two physical therapy and rehabilitation physicians, 
who were blinded to the patient’s preoperative and surgical data. 
Grading of these manual laxity tests were based on the article by 
Jensen21). The Lachman and anterior drawer tests were graded 
as grade 0 (no translation compared to the normal contralateral 
knee), grade 1 (translation greater than the contralateral knee 
but less than 5 mm), grade 2 (6–10 mm translation) and grade 3 
(greater than 10 mm translation). The pivot shift test was graded 
as grade 0 (absent), grade 1 (glide), grade 2 (abrupt reduction) 
and grade 3 (momentary locking). For radiological assessment, 
the standard weight bearing anteroposterior view and the lateral 
view in 60° of knee flexion were obtained. Radiological grading 
of OA changes was done using Kellgren and Lawrence (K-L) 
grading system for OA knees22).

4. Statistical Methods
Analysis of the data was done using SPSS ver. 17.0 (SPSS Inc., 

Chicago, IL, USA). Normal-Quantile plots were constructed in 
order to examine whether the data was normally distributed or 
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not. After the normality was established, the functional OAK 
score, the K-L radiological OA grading outcomes and the clinical 
instability test results of both groups were compared using chi-
square test. The IKDC subjective scores between the two groups 
were compared using t-test. The other non-parametric variables 
were compared using Mann-Whitney U test. Statistical signifi-
cance was accepted when the p-value was <0.05. 

Results

The age of the patients, delay in treatment after ACL injury, 
follow-up period, preoperative IKDC and OAK scores were com-
parable between the groups (Table 1).

1. OAK and Stability
The outcome evaluated using the OAK score was excellent in 27 

out of 41 cases in group 1 and 16 out of 36 in group 2. The differ-
ence was not found to be statistically significant (p=0.082) (Table 2).

The manual Lachman test for objective stability assessment 

revealed that 25 out of 36 in group 2 had grade 1 laxity whereas 
only 13 out of 41 had grade 1 laxity in group 1, showing a statisti-
cally significant difference between the groups (p=0.001) (Table 
3). It is pertinent to note, however, that none of the patients had 
more than grade 1 laxity in the Lachman test and a positive Lach-
man test was not associated with the overall OAK score and the 
category D (functional) outcomes. 

Group 2 had 5 cases with grade 2 and more Anterior drawer 
positivity while group 1 had none (p=0.019). On the pivot shift 
test, 3 cases had a grade 1 positive pivot shift test in group 1 and 
12 cases had in group 2 (p=0.041). None of the patients in either 
group had a grade 2 or 3 pivot shift test or an episode of give way 
after ACL reconstruction (Table 3). But among those with a posi-
tive pivot shift, no statistically significant difference was seen in 
the overall OAK score and category D outcome. 

2. Subjective IKDC Score
The mean subjective IKDC score was 89.51 in group 1 and 

87.80 in group 2 (p=0.526) (Table 4). Cases with positive joint 
laxity in both groups did not show statistically significant differ-
ence in the subjective IKDC score. Table 1. Comparison of Age, Delay in Treatment, Follow-up Duration 

and Preoperative Scores between Groups

Parameter
PHMM 

intact (n=41)
PHMM 

absent (n=36)
p-value

Average age (yr) 30.15 30.44 0.871

Delay in treatment after  
ACL injury (mo)

27.14 37.25 0.203

Follow-up duration after 
surgery (mo)

44.51 41.33 0.544

Average preoperative  
subjective IKDC score

74.71 70.97 0.322

Preoperative overall OAK  
score (moderate/bad)

36/5 28/8 0.876

PHMM: posterior horn of the medial meniscus, ACL: anterior cruciate 
ligament, IKDC: International Knee Documentation Committee, OAK: 
Orthopadische Arbeitsgruppe Knie.

Table 3. Restuls of Clinical Instability Tests in Both Groups

Clinical instability test
Group 1 

with laxity 
Group 2 

with laxity
p-value

Lachman test 13 25 0.001

Anterior Drawer test grade 2 and more 0 5 0.019

Pivot shift test grade 1 3 12 0.041

Table 4. Average Subjective IKDC Scores of Both Groups

Group No.
IKDC score 

(mean)
Standard 
deviation

Standard 
error (mean)

Group 1 41 89.51 12.65 1.98

Group 2 36 87.80 10.63 1.77

Positive Lachman test 

   Group 1 13 91.69 8.40 2.33

   Group 2 25 85.33 11.55 2.31

Positive anterior drawer test 

   Group 1 0 0 0 0

   Group 2 5 84.74 12.58 2.96

Positive pivot shift test 

   Group 1 3 89.32 13.50 3.61

   Group 2 12 87.08 11.23 2.45

IKDC: International Knee Documentation Committee.

Table 2. Excellent Outcomes according to the OAK Category in Both 
Groups

OAK 
category

Group 1 with 
excellent score

Group 2 with 
excellent score

p-value

Overall OAK 27 16 0.082

Category A 39 35 1.000

Category B 38 36 0.243

Category C 38 22 0.004

Category D 35 29 0.363

OAK: Orthopadische Arbeitsgruppe Knie.
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3. Radiographic Osteoarthritis
Group 1 had only 4 cases of radiological OA (K-L grade 2 and 

more) at an average follow-up of 44.51 months whereas group 2 
had 12 cases at an average follow-up of 41.33 months (p=0.022). 
On the comparison of chronicity of the cases with OA, the delay 
from injury to treatment was an average of 7.5 years in group 1 
and 4.5 years in group 2, showing a statistically significant dif-
ference (p=0.003). The follow-up period for cases with OA was 
comparable between group 1 and group 2 (43.19 months vs. 
41.04 months; p=0.068).

Discussion

The purpose of this study was to investigate whether preserva-
tion of the PHMM helps to improve the outcome of ACL recon-
struction. ACL reconstructed knees where the PHMM had to be 
sacrificed were compared with ACL reconstructed knees having 
intact medial menisci. The present study revealed statistically sig-
nificant differences between the groups in terms of laxity and the 
incidence of radiological OA, both being high in the group where 
the PHMM was sacrificed. The overall OAK score difference be-
tween two groups showed only a trend towards significance.

It has been observed that ACL reconstruction does not always 
achieve an ideal outcome, and this has been attributed to the 
various associated risk factors such as meniscal injury, chondral 
lesions, other ligamentous injuries, severity of initial trauma, 
chronicity of injury and age15,16,23). Existing studies have vari-
able reports regarding the prevalence of knee OA (range, 10% to 
90%)12,13,17,24,25). Studies have tried to establish the complex relation 
between the medial meniscus and the ACL graft and effects of 
medial meniscectomy on ACL reconstructed knees3,4,10-15). How-
ever, these studies are not comparable to our study with regard 
to the selection of cases. The present study used strict selection 
criteria and specifically focused on the functional importance of 
the PHMM in ACL reconstructed knees.

The outcome parameters including pain and swelling (category 
A in OAK scoring), objective range of motion and strength (cat-
egory B outcome), subjective IKDC score and overall OAK score 
did not show a statistically significant difference between the two 
groups in the present study. This is in contrast to the findings 
in the study by Shelbourne and Gray10) where 928 patients were 
followed for 8.6 years after ACL reconstruction. They found a 
significant difference in the mean subjective IKDC score between 
the medial meniscectomy group and without meniscectomy 
group. This difference could be attributed to the longer follow-
up in the study by Shelbourne and Gray10). Moreover, their study 

included the meniscus removal group for comparison as opposed 
to the present study involving the group where meniscectomy 
was localized to the posterior horn. Some other studies have 
also found significant differences in scores with regard to pain, 
effusion and functional outcome, in contrast to the findings of 
the present study11,15). Heterogeneity of the cases in those stud-
ies could be the reason for this contradiction. The overall OAK 
scores showed only a trend towards significance in the present 
study, with the p-value nearing the significance level (p=0.082), 
suggesting the possibility of having poorer outcome in the group 
with absent PHMM. The significantly different outcome score 
found by Shelbourne and Gray10) could be due to the different 
outcome measure in a broad heterogeneous meniscus removal 
group, the larger sample size and/or the longer follow-up in their 
study. Their study group included cases of either or both menis-
cus injuries and patients who had revision surgery for meniscus 
injury after ACL reconstruction. There were a significantly large 
number of cases with lateral meniscus injury and both meniscus 
injury in their study.

With regard to stability, the results of present study corroborate 
with the findings in the study by Shelbourne and Gray10), who 
found a significant difference in instrumented laxity. Manual laxi-
ty tests were utilised in the present study and category C outcome 
in OAK score (objective stability) showed a significant difference, 
supporting the concept that there is a significant stabilising role 
for the PHMM in ACL reconstructed knees. On the other hand, 
some authors have failed to find a significant difference in stabil-
ity between the meniscectomy group and the meniscus intact 
group, which is probably due to the fact that cases selected were 
very heterogeneous11,13,14).

As with previous published studies, the present study also 
showed a significantly increased prevalence of radiological OA 
in the PHMM deficient group10-12,17,25). Moreover, the incidence 
of OA in group 2 was higher, even though the average injury-
to-surgery duration was significantly shorter in this group in 
comparison to group 1. The higher incidence of laxity and OA in 
group 2 at average follow-up of 41.33 months could be the result 
of complex interplay of multiple factors. Firstly, the sacrifice of 
the posterior horn would have resulted in the loss of the second-
ary stabilising effect, which hypothetically led to the cascade of 
adverse mechanical milieu for the articular cartilage and the heal-
ing ACL graft3). Secondly, increased contact stress on the articular 
cartilage resulting from the loss of meniscal tissue could have also 
contributed to the higher rate of OA26,27). 

The absence of statistically significant difference in subjective 
IKDC scores between the two groups raises doubt regarding 
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the actual relevance of demonstrable objective laxity when the 
patients have no subjective instability or episode of give way. 
Double bundle or extra-articular reconstruction aimed at reduc-
ing postoperative laxity have also failed to produce clinically sig-
nificant benefits28-30). This raises questions regarding the clinical 
relevance of preserving the PHMM for achieving objective stabil-
ity. It is possible that the increased contact stress after meniscec-
tomy, rather than the stabilizing effect of the PHMM, has a more 
important role to play in causing early OA in ACL reconstructed 
knees without PHMM. 

The present study has limitations: the retrospective study de-
sign, the relatively small sample size and the absence of instru-
mented test for measuring laxity. However, the subjective IKDC 
score, which does not have any objective bias, failed to reveal any 
significant difference in our study. Moreover, instrumented laxity 
is also found to have flaws giving inconclusive results when used 
as an objective measure of laxity10,11,13,14). 

Conclusions

Even though it is difficult to draw definite conclusions from this 
study, we have found evidence supporting the secondary stabiliz-
ing role of the PHMM in the knee for improving the outcome of 
ACL reconstruction: the trend towards worsening clinical results 
and the significantly higher risk of instability and early radiologi-
cal OA in the absence of PHMM at a relatively short follow-up 
after ACL reconstruction. Prospective randomised comparative 
studies involving a larger sample with a longer follow-up on the 
outcome after meniscal repair and meniscal replacement will 
shed more light on the importance of preserving the PHMM 
during ACL reconstruction in knees with chronic ACL injuries 
and will be of help in drafting guidelines for management of 
these complex injuries.
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