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Objectives: We evaluated the long-term results of arthro-
scopic anterior cruciate ligament (ACL) reconstruction with
autogenous bone-patellar tendon-bone graft in athletes.
Patients and methods: A total of 112 athletes (82 males,
30 females; mean age 27 years; range 20 to 35 years)
underwent ACL reconstruction with central third of bone-
patellar tendon-bone autograft. The mean time from injury
to surgery was 18 months (range 2 days to 26 months).
Thirty-eight patients had acute symptoms. Preoperatively,
the Lachman and pivot shift tests were positive in all the
patients. After a minimum of 14 years (mean 15.8 years),
all the patients were assessed by subjective evaluations, and
objectively with the KT-1000 arthrometer testing, radi-
ographs as well as second-look arthroscopy in 39 patients. 
Results: On subjective evaluations, the results were excel-
lent in 62 (55.4%), good in 33 (29.5%), fair in 12 (10.7%),
and poor in five patients (4.5%). No limitation of movement
was seen in 95 patients (84.8%). The Lachman and pivot
shift tests were negative in 74 (66.1%) and 99 (88.4%)
patients, respectively. Radiographically, osteoarthritic
changes were detected in 17 patients (15.2%), whose results
were fair or poor, who had associated meniscal or osteo-
chondral injuries prior to surgery, and who gave up prein-
jury sports activities. In KT-1000 arthrometer testing, side-
to-side difference was less than 2 mm in 74 patients. At sec-
ond-look arthroscopy, 30 patients had well-remodelled
grafts; of these 11 patients had a positive Lachman test, and
three patients had a positive pivot shift test. Spontaneous
lysis of various degrees was detected in nine patients, of
whom only two had a positive Lachman test.
Conclusion: Reconstruction of the ACL using a bone-
patellar tendon-bone graft is recommended for acute or
chronic ACL deficiency in athletes.
Key words: Anterior cruciate ligament/surgery; arthroscopy; bone-
patellar tendon-bone graft; knee joint; tendons/transplantation.

Amaç: Bu çal›flmada, sporcularda kemik-patellar tendon-
kemik otogreftiyle artroskopik ön çapraz ba¤ (ÖÇB) re-
konstrüksiyonunun uzun dönem sonuçlar› de¤erlendirildi.
Hastalar ve yöntemler: Toplam 112 sporcuya (82 er-
kek, 30 kad›n; ort. yafl 27; da¤›l›m 20-35) santral 1/3 ke-
mik-patellar tendon-kemik otogreftiyle ÖÇB rekonstrük-
siyonu uyguland›. Yaralanma ile cerrahi aras›nda geçen
ortalama süre 18 ay (da¤›l›m 2 gün-26 ay) idi. Otuz sekiz
hastada semptomlar akut özellikteydi. Ameliyat öncesin-
de Lachman ve pivot flift testleri tüm hastalarda pozitif
idi. En az 14 y›ll›k (ortalama 15.8 y›l) takipten sonra tüm
hastalar subjektif ölçütlerle ve objektif olarak KT-1000
artrometre, radyografi, ve 39 hasta ayr›ca ikinci artrosko-
piyle de¤erlendirildi.
Bulgular: Subjektif de¤erlendirmelerde sonuçlar 62 hasta-
da (%55.4) mükemmel, 33 hastada (%29.5) iyi, 12 hastada
(%10.7) orta, üç hastada (%4.5) kötü bulundu. Doksan befl
hastada (%84.8) hareket k›s›tl›l›¤› hiç yoktu. Son kontrol-
lerde Lachman testi 74 hastada (%66.1), pivot flift testi 99
hastada (%88.4) negatif bulundu. Radyografik de¤erlendir-
mede 17 hastada (%15.2) osteoartritik de¤ifliklik saptand›.
Bu hastalarda sonuç orta veya kötü idi; cerrahiden önce
hepsinde meniskal veya osteokondral yaralanma vard› ve
hepsi de yaralanma öncesindeki sportif etkinliklerine de-
vam edememiflti. KT-1000 artrometrede, 74 hastada iki ta-
raf fark› 2 mm’den azd›. ‹kinci artroskopide, greftlerin 30
hastada iyi remodele oldu¤u gözlendi;bu hastalar›n 11’inde
Lachman testi, üçünde pivot flift testi pozitif idi. Dokuz has-
tada ise de¤iflen derecelerde spontan lizis izlendi; bu has-
talar›n sadece ikisinde Lachman testi pozitif bulundu.
Sonuç: Akut ya da kronik ÖÇB yetersizli¤i olan spor-
cularda kemik-patellar tendon-kemik otogreftiyle ÖÇB
rekonstrüksiyonu önerilebilecek bir tedavi yöntemidir.
Anahtar sözcükler: Ön çapraz ba¤/cerrahi; artroskopi; kemik-pa-
tellar tendon-kemik grefti; diz eklemi; tendon/transplantasyon.
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Anterior cruciate ligament (ACL) rupture is a com-
mon sports-related injury, which often markedly
reduces athletic activity and the quality of life.[1]

The ACL is the primary stabilizer of anterior trans-
lation of the tibia on femur and counteracts rota-
tional and valgus stresses.[2]

In high-demand activities such as pivoting,
cutting and side stepping during football, rugby
and hockey, ACL-deficient knee leads to instabil-
ity.[1] The resultant chronic instability and recur-
rent episodes of giving way may give rise to var-
ious intra-articular injuries including meniscal
tears and osteochondral damage.[1,3,4] The inci-
dence of erosion of the articular cartilage in
patients with long-standing ACL deficiency may
extend from 58 to 96 percent.[5] Following ACL
reconstruction, these athletes resume their sports
activities, resulting in delay in the onset of
osteoarthritis.[1,6]

There are several techniques for ACL recon-
struction including open surgical repair, open
repair augmented with a synthetic ligament-aug-
mentation device, open reconstruction with intra-
articular graft, arthroscopic reconstruction with
intra-articular graft, and extra-articular augmenta-
tion.[7-9] Reconstruction with bone-patellar tendon-
bone (B-PT-B) graft is a well-accepted method of
dealing with the ACL-deficient knee.[10,11] This pro-
cedure proved very effective in the short-term.[12-14]

However, there is little information regarding the
long-term outcome of ACL reconstruction with
this method.[1]

We present a minimum of 14-year follow-up
results of ACL reconstruction using central third of
B-PT-B graft.

PATIENTS AND METHODS

The study included 112 patients (82 males, 30
females; mean age 27 years; range 20 to 35 years)
who underwent ACL reconstruction between 1989
and 1991 at Sehgal Nursing Home and
Neurological Research Centre and Fortis Hospital,
New Delhi. Only those who were engaged in
active sports were enrolled (Table I). Involvement
was on the right side in 61 patients, and on the left
side in 51 patients. Those who had any other liga-
ment injuries were excluded.

The most common mechanism of injury was
internal rotation of the tibia on the femur and/or
varus (n=36) followed by external rotation and/or
valgus rotation (n=31) (Table II). 

The mean length of time from injury to surgery
was 18 months (range 2 days to 26 months). Thirty-
eight reconstructions were performed in the acute
stage. The main indication for surgery was insta-
bility in high-demand patients (n=103). In only
nine cases, reconstruction was performed because
of repeated meniscal injuries causing pain and
swelling that were associated with ACL deficiency.
Preoperatively, the Lachman[15] and pivot shift[16]

tests were positive in all the patients. All were keen
to return to their preinjury level of sports.

Arthroscopic findings are given in Table III.
The ACL was reconstructed using central third

of the patellar tendon in all cases (Fig 1a).
All the patients were evaluated subjectively

according to the satisfaction level and confidence
in the knee to return to contact sports, and objec-
tively with the KT-1000 arthrometer testing,[17] radi-
ographs as well as second-look arthroscopy in 39
patients. Degenerative changes that occurred in
the postoperative period were evaluated using the
International Knee Documentation Committee
radiographic grading system. The mean follow-up
was 15.8 years (range 14.2 to 19.8 years).

TABLE I

Distribution of patients according to engagement in sports

Sports No. of patients %

Soccer 61 54.5
Hockey 15 13.4
Gymnastics 11 9.8
Volleyball 7 6.3
Cricket 5 4.5
Tennis 5 4.5
Jogging 3 2.7
Swimming 2 1.8
Badminton 2 1.8
Bicycling 1 0.9

TABLE II

Mechanisms of injury

Mechanism No. of patients %

Internal rotation of the tibia 
and varus 36 32.1

External rotation and/or valgus 31 27.7
Hyperextension 7 6.3
Other 5 4.5
Did not remember 33 29.5
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Statistical analysis
Data were recorded on an Excel spreadsheet. All
the entries were checked for any possible keyboard
error. For data analysis, statistical software SPSS
10.0 was used. The chi-square test was used for
comparison of two groups where necessary.

RESULTS

Patients’ satisfaction and activity level
The patients were asked whether they were satis-
fied with the operation. In 62 patients (55.4%), the
result was excellent with no pain, no swelling, no
limitation of movement, and return to preinjury
sports level. Thirty-three patients (29.5%) reported
no limitation of movement, but occasional mild
pain, swelling after moderate to strenuous activi-
ties, and return to sports at a lower level and were
rated as good. Twelve patients (10.7%) had a fair
outcome defined by giving up sports, the presence
of moderate pain, swelling even after light activi-
ties, and terminal restriction of movements. The
result was poor in five patients (4.5%) who gave up
sports and had moderate pain, swelling when
sedentary, persistent instability, and limitation of
movements.
Clinical examination
Ninety-five patients (84.8%) exhibited no limita-
tion of movements, whereas five patients (4.5%)

and 12 patients (10.7%) had extension losses of 0-5
degrees and 5-10 degrees, respectively.

The Lachman test was negative in 74 patients
(66.1%); a positive sign of grade 1 or 2 was elicited
in 33 patients (29.5%) and five patients (4.5%),
respectively.

The pivot shift sign was negative in 99 patients
(88.4%) and positive in 13 patients (11.6%; 4 grade
1, 9 grade 2).
Radiographic findings
On final examinations, only 17 patients had
osteoarthritic changes, of which reconstruction
had been performed at an acute stage in six
patients, and at a chronic stage in 11 patients. All
these patients had associated meniscal or osteo-
chondral injuries prior to surgery (Table IV). These
were the patients whose results were fair or poor
with terminal restriction of movements.

There was no significant difference between
acute and chronic cases with respect to the devel-
opment of degenerative changes (p=0.97), suggest-
ing that time to surgery did not influence degener-
ative changes in the knee joint.
KT-1000 arthrometer
During the test, maximum stress was applied man-
ually keeping the knee in 30 degrees of flexion. The
result of the reconstructed knee was compared
with that of the normal knee in each patient. Pre-
and postoperative side-to-side differences are
given in Table V.
Second-look arthroscopy
Thirty-nine arthroscopic re-evaluations were made
in response to a subsequent episode of injury,
thereby affording a chance to evaluate the ACL
graft (Table VI; Fig. 1b, 2). Of these patients, 13
had a positive Lachman test (11 grade 1, 2 grade

TABLE III

Arthroscopic findings

Type of injury No. of patients %

Anterior cruciate ligament rupture 112 100.0
Medial meniscal tear 79 70.5
Lateral meniscal tear 68 60.7
Osteochondral injuries 12 10.7
Articular cartilage damage 57 50.9

TABLE IV

Distribution of patients according to the IKDC grading system and the length of time to surgery

IKDC Description Acute reconstruction Chronic reconstruction
grade (<12 weeks, n=38) (>12 weeks, n=74)

A Normal 32 63
B Subchondral sclerosis, osteophytes,

flattening of the femoral condyle 4 8
C Increased sclerosis, large osteophytes,

narrowing of the joint space 1 2
D Changes in C plus less than

2 mm of joint space 1 1
IKDC: International Knee Documentation Committee 
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2), and three had a positive pivot shift test (1
grade 1, 2 grade 2).

DISCUSSION

Most patients in this study were satisfied with
the outcome. Five patients who were unsatisfied
often experienced moderate to severe pain and
recurrent episodes of effusion on normal activities.
Of the 112 cases, only 17 (15.2%) gave up their pre-
injury sports, though 12 were still satisfied. These
results are comparable to those of previous stud-
ies.[18-20] In contrast to a previous study,[1] there was
no progressive deterioration in the satisfaction
level as reported by Drogset et al.[9]

On final evaluations, only 17 patients had
restriction of extension in terminal range. Of
these, six patients underwent acute reconstruc-
tion, and 11 needed chronic reconstruction. There
were no significant differences between acute
and chronic cases in terms of limited range of
motion (p>0.05).

Radiographically, 17 knees (15.2%) showed
osteoarthritic changes, being mild in 12, and mod-
erate in five knees. The rate of osteoarthritic
changes was surprisingly low in comparison to
previous studies.[21,22] Clinically, these knees had
restriction of movements. The development of

TABLE V

Distribution of patients according to side-to-side
differences in KT-1000 arthrometer testing

Side-to- side difference Preoperative Postoperative

<2 mm 3 74
2-5 mm 5 33
>5 mm 104 5

TABLE VI

Distribution of patients according to the status of
ACL graft at second-look arthroscopy

Status of ACL graft No. of patients

Well-remodelled ACL 30
Attenuated bands 6
Complete lysis 3

Fig. 1. (a) Intra-articular view of the ACL graft immediately
after reconstruction. (b) Status of the graft after nine years.

(b)

(a)

Fig. 2. Second-look arthroscopy in another case showing
the ACL graft after 11 years.



degenerative changes was somewhat similar in
both acute and chronic cases, indicating that time
to surgery was not a predisposing factor for
osteoarthritic changes, a finding that was also
demonstrated by other studies.[1,23] Arthritic
changes were seen in those knees that had associ-
ated meniscal and osteochondral injuries. To avoid
degenerative changes, we now prefer to repair
meniscal tears simultaneously where feasible.

Out of 39 knees which were arthroscopically
evaluated after a subsequent episode of injury,
nine exhibited spontaneous lysis of the graft, atten-
uated bands were noted in six, and in three knees
only few strands of the graft persisted. The sur-
prising point was that all these patients had no
symptoms before the second operation and only
two had a positive Lachman test (grade 1) and
none had a positive pivot shift test, probably
because they were balancing ligament deficiency
with surrounding muscle power. On the other
hand, of those who had a well-remodelled graft,
nine had grade 1 and two had grade 2 Lachman
test results, and one had grade 1 and two had
grade 2 pivot shift sign. The long-term results of
ACL reconstruction are variable in terms of arthro-
scopic findings and the presence of intact anatom-
ical structure seems to have no obvious relation-
ship with stability.
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