Knee Surg Sports Traumatol Arthrosc (2013) 21:2004-2010
DOI 10.1007/s00167-012-2330-x

KNEE

Long-term results after reconstruction of the ACL
with hamstrings autograft and transtibial femoral drilling

Eivind Inderhaug - Torbjgrn Strand -
Cornelia Fischer-Bredenbeck - Eirik Solheim

Received: 13 July 2012/ Accepted: 26 November 2012/ Published online: 8 December 2012

© Springer-Verlag Berlin Heidelberg 2012

Abstract

Purpose To evaluate the long-term clinical, patient-
reported and radiological outcome of patients reconstructed
for anterior cruciate ligament (ACL) insufficiency. We
wanted to examine the relationship between clinical find-
ings and patient-reported scores.

Methods The 96 first successive patients that underwent
ACL reconstruction using transtibial technique, hamstrings
autograft and tunnel placement ad modum Howell were
evaluated 10 years post-operatively. Subjective outcomes
were Lysholm score, IKDC 2000 subjective score and
Tegner activity scale. The clinical examination included
evaluation of rotational and sagittal laxity. Evaluation of
osteoarthritis was done radiologically.

Results FEighty-three patients (86 %) were available for
follow-up at mean 10.2 years post-operatively. Three
patients had revision ACL surgery prior to the 10-year
evaluation. The mean Lysholm score, subjective IKDC
2000 score and Tegner activity scale were 89 (SD 13), 83
(SD 15) and 5 (range, 3-9), respectively. Six patients (8 %)
had moderate or severe osteoarthritis. Eighty-six per cent
of patients had normal or near-normal anterior—posterior
ACL laxity. Twenty per cent of patients had positive pivot
shift and 42 % had a pivot glide. The former group had a
significant lower Lysholm score compared to the rest of the
patients.
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Conclusions Although the mean Lysholm score was
classified as good (89) at the 10-year follow-up, a positive
pivot shift was found in 20 % of these patients. Compared
to patients with normal rotational laxity or pivot glide, this
patient group reported significant lower subjective satis-
faction at the long-term follow-up.

Level of evidence Case series, Level IV.

Keywords Anterior cruciate ligament (ACL) -
Long-term follow-up - Howell Tibial Guide - ALRI

Introduction

Anterior cruciate ligament (ACL) reconstruction is
regarded as a successful surgical intervention and is one
of the most common procedures in sports medicine
[7, 13]. The choice of graft, method of fixation and sur-
gical technique has been under constant evolution the last
decade [11, 12, 15, 23, 24, 38, 40]. The recent debate has
been focusing on the ‘“anatomical” placement of the
femoral and tibial graft tunnels [5, 24, 44]. Biomechanical
and cadaver studies have provided information about
important properties of the ACL [28, 39, 42, 44], and a
restoration of the native anatomy and function of the ACL
has been emphasised.

The transtibial approach, which gained popularity in the
1990s, utilises a technique where the femoral tunnel is
created via a pre-drilled tibial tunnel. The transtibial
reaming of the femoral tunnel is predetermined by the
placement of the tibial tunnel, and recent studies have
shown that this technique tends to place the graft tunnel
outside the native femoral footprint of the ACL [22, 24, 40].
Even so, long-term evaluations of these techniques have
shown good results [1, 11, 15, 31].
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The current study evaluates the long-term outcome after
ACL reconstruction ad modum Howell using hamstrings
autograft, the 70° tibial guide and transtibial drilling of the
femoral tunnel. The 70° tibial guide was developed to
standardise the placement of the femoral tunnel at 70° in
the coronal plane. This was achieved with the locking of
the tip of the guide against the femoral roof in full exten-
sion and adjustment of the coronal angle by a horizontal
alignment rod. There are only a few studies evaluating
the outcomes after reconstructions using this technique
[11, 17], and only one study with medium- to long-term
evaluation [11]. The hypothesis of this study was that good
long-term results and a high degree of patient satisfaction
can be found after using this technique. The aims were to
establish what kind of clinical findings that could be related
to inferior subjective scores and to identify potential early
predictors of the long-term outcome.

Materials and methods

All patients were invited in writing to participate in a
clinical follow-up examination. They completed a Lysholm
reporting form, the subjective part of the IKDC 2000 and
Tegner forms without the involvement of the examiner.
Data from the surgery were collected from an internal
prospectively registered ACL database. From the routine
post-operative evaluations, we used the 12-month Lysholm
score or 24-month score (if the former was not available),
in a variable called the “early Lysholm score.” The
regional ethical review board (Regional Etisk Komite: ID
REK3366) approved the study. All patients gave their
informed written consent prior to participating in the study.

Patient selection

All patients that underwent ACL reconstruction in the
period 1999-2001, with the use of the later described
method, were eligible for inclusion in the study. Exclusion
criteria were revision surgery (n = 14), reconstruction with
a different technique (e.g. patellar tendon grafts) or if the
ACL reconstruction was combined with other knee liga-
ment surgery (n = 48).

Radiographic evaluation

Patients were examined with standardised weight-bearing
AP radiographs of both knees in 30° of flexion. Lateral
radiographs were taken with the knee in full extension. All
images were graded for OA according to the IKDC 2000
classification into 1 out of 4 groups (A through to D, with D
representing most severe OA) [45]. An experienced
orthopaedic radiologist assessed and classified the OA.

Surgical procedure

Following an initial arthroscopic examination, the semi-
tendinosus and gracilis tendons were harvested through a
longitudinal medial incision. The tibial tunnel was drilled
with the knee in full extension using a 70° tibial guide
(Howell tibial guide, Arthrotek Inc., Warsaw, IN, USA)
[18, 25]. Depending on the graft size, a 7-, 8- or 9-mm
reamer was used. An impingement rod (Arthrotek Inc.,
Warsaw, IN, USA) was used to avoid the femoral roof to
impinge on the graft with the knee in full extension. A
moderate notchplasty was performed in all knees. The
femoral tunnel was drilled aided by size-specific femoral
aimers (Arthrotek Inc., Warsaw, IN, USA) placed through
the tibial tunnel with the knee held at a flexion angle of
about 70-80°.

An additional femoral U-guide (Arthrotek Inc., Warsaw,
IN, USA) was used to ream a transverse tunnel for the
femoral graft fixation. Femoral fixation of the graft was
done with the Bone Mulch screw (Biomet, Warsaw, IN,
USA).

The knee was repeatedly extended and flexed to allow
stress relaxation of the graft. A moderate tension load was
applied to the graft while the ends were fixed outside the
tibial tunnel with both a multi-spiked WasherLoc (Biomet,
Warsaw, IN, USA) and a compression screw. The knee was
held in full extension during fixation. Finally, the graft was
assessed arthroscopically and the stability was tested
clinically.

Rehabilitation

During the first 2-3 days, an Aircast Knee Cryo/Cuff
(DJO, CA, USA) was applied to reduce pain and swelling.
Compression stockings were used as DVT prophylaxis.
Patients were weight bearing as tolerated from the first
post-operative day. Instructions were given in closed
kinetic chain exercises. Six weeks post-operatively,
patients were allowed light non-pivoting exercise like
jogging. At 6 months, the patients could freely return to
normal activity levels without any restrictions.

Post-operative follow-up at 10 years

A clinician not involved in patient treatment performed
clinical follow-up assessments. Physician-assessed Lys-
holm score was completed, and a clinical examination was
undertaken. Knee range of motion (ROM) was measured
using a goniometer and classified according to IKDC cri-
teria [45].

The anterior laxity was examined in both knees with a
KT-1000 device (MEDmetric, CA, USA) at 15, 20, 30 Ib
and with max manual force. The max manual force
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difference between injured and normal (I-N) was calcu-
lated and used for analysis. The flexion-rotation drawer test
(FRD), as described by Noyes, was used for the assessment
of anterolateral rotational instability (ALRI) [30]. If mus-
cular guarding prevented accurate classification of ALRI,
the result was registered as “not gradable.”

Statistical analysis

All statistical calculations were done with the SPSS 19.0
(SPSS Inc., Chicago, IL, USA). The a priori significance
level was set at 0.05. For the descriptive analysis, we
calculated mean, range, standard deviation (SD) and fre-
quency distribution. A two-tailed paired ¢ test was used to
compare repeated data from the same patient. A two-tailed
unpaired ¢ test was used to test for differences in mean
between groups defined in this study. ANOVA analysis
was used for the comparison of equality of the mean values
between these groups.

The linear relationship between the Lysholm score, at
10 years post-operatively, and age, sex, Tegner activity
score before injury, smoking status, weight and Lysholm
score at 1-2 years were examined with bivariate correla-
tions. Chi-square statistics were used to test for differences
in frequency of osteoarthritis in patients grouped according
to meniscal surgery at time of reconstruction and presence
of rotational instability at the follow-up.

Results

Eighty-three patients (86 % of those eligible), 47 males and
36 females, completed our follow-up investigations
(Fig. 1); demographic data are presented in Table 1.

ACL
reconstructions 99- 01
(n=96)

Lost to follow-up (n=14)

g —

Abroad (n=4)
Refused follow-up (n=3)
Did not show up (n=7)

,,,,,,,,,,,,,,,,,,,,,,,,,,,
1 or 2 year
follow-up
(n=51)

Revision surgery (n=3)

g —

Avaliable for the 10 year
evaluation — 83%

(n=80)

Fig. 1 Inclusion flowchart

@ Springer

Table 1 Patient characteristics at 10-year follow-up

Number of patients 80
Median age at surgery 29 (14-66)
Gender
Men 46
Women 34
Injured knee
Left 50
Right 30
Mechanism of injury
Soccer 33
Handball 17
Downhill skiing 8
Work-related injury 1
Basketball 4
Other 13
Median Tegner pre-injury (range) 7 (3-10)
Median Tegner at follow-up (range) 5 (0-9)
Median age at follow-up 40 (26-76)
Mean time of follow-up, years (SD) 10.2 (0.6)
Median time from injury to operation, mo (range) 10 (1-219)

Concomitant surgery

At the time of surgery, concomitant or former partial
meniscal resection was performed or found to have been
performed in 29 patients on the medial side and 18 on the
lateral side. Suture repairs of longitudinal meniscal tear
were done medially in four patients and laterally in one
patient. In total, 30 patients (38 %) had no meniscal
pathology and 63 (79 %) patients had normal articular
cartilage.

Secondary operations

During the 10-year follow-up period, 12 patients had
additional surgery to the same knee. Three patients had a
revision of the ACL at a median time of 74 months
(range, 11-133 months). Two patients had hardware
removed. Four patients had a meniscal resection. The rest
underwent a second-look arthroscopy due to various
Symptoms.

Clinical outcome

At the 10-year follow-up, the mean Lysholm score,
obtained by an interview (88.9, SD 13.1), was significantly
higher than the patient-reported Lysholm (87.4, SD 11.3,
P = 0.01). We found a high linear correlation between the
two Lysholm scores (R = 0.80, P = 0.00). IKDC sub-
jective scores had a mean value of 83.3 (SD 14.9).
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Table 2 Laxity data and ROM at follow-up

KT-1000 max manual I-N difference (median) 2 mm (=2 to 7)
KT-1000 I-N difference >5 mm 8 %
Lachman grade
0 44 9%
1 42 %
2 14 %
Pivot shift
0 38 %
1 42 %
2 20 %
IKDC extension deficit (n)
None 59
Mild 14
Moderate 5
Severe
IKDC flexion deficit (n)
None 76
Mild
Moderate 0
Severe 0

There was no significant difference (n.s.) between the
mean patient-reported Lysholm score at the 10-year fol-
low-up and the early Lysholm scores obtained at
12 months and 2 years in 49 patients (85.1, SD 13.7).

The results from Lachman, KT-1000 and pivot shift
testing are presented in Table 2. Flexion deficits and
extension deficits are presented according to IKDC criteria
(Table 2) [41]. ANOVA testing showed a significant dif-
ference in the mean Lysholm scores between patients with
0, 14 and 2+ pivot shift (P = 0.01). The mean Lysholm
scores in these groups were, respectively, 92, 87 and 79.
When doing post hoc pairwise Bonferroni comparisons,
patients with 24 pivot shift had significant lower scores
than those with no pivot shift (P = 0.03). Patients with 1+
pivot shift did, however, not differ significantly in scores
from the other two groups.

Of those patients who were eligible in the study but did
not participate (n = 13), 2 patients had a KT-1000 I-N
difference >5 mm as recorded from the 12- or 24-month

Table 3 IKDC osteoarthritis score in both knees

Operated knee Reference knee

N (%) N (%)
IKDC grade A (none) 23 (29) 49 (63)
IKDC grade B (mild) 49 (63) 25 (32)
IKDC grade C 6 (8) 34
(moderate)
IKDC grade D (severe) 0 (0) 1(1)

routine follow-up. None of the other patients had clinical or
radiological signs of graft failure as we know of.

Osteoarthritis

Both knees were examined for osteoarthritis (Table 3). There
were significant more OA in patients that had a meniscal
resection at the time of the ACL reconstruction (P = 0.05).
Comparing patients with 24 pivot shift at the follow-up and
patients with pivot glide or a stable knee, we found no sig-
nificant difference (P = 0.47) in the incidence of OA.

Early predictors of long-term outcome

A moderate linear correlation was found between the
Lysholm score at the last follow-up and the Lysholm score
at 1-2 years (R = 0.44, P < 0.00). A weak correlation was
found between the Lysholm score at follow-up and the age
of the patient at the time of the surgery (R = 0.23,
P = 0.05). There was a significant difference in Lysholm
score at 10 years depending on which knee was recon-
structed: 89 (SD 9.7) for left knees and 82 (SD 14.8) for
right knees (P = 0.03). No significant correlations were
found between the Lysholm score at the last follow-up and
smoking, meniscal resection, pre-injury Tegner score and
overweight. When comparing 24 pivot shift in patient who
had undergone meniscal surgery compared to those with no
meniscal surgery, no significant difference was found
between these groups (n.s.).

Discussion

The most important finding in this study was the high
incidence of rotational instability. The patients with a 2+
pivot shift had significant lower Lysholm and IKDC sub-
jective scores as compared to the rest of the patients.
Patients with 1+ pivot glide, however, had no different
scores than those who were classified as having no rota-
tional laxity. Existing short- to mid-term follow-up studies
report considerable variation in rotational instability after
similar operative techniques. Gorschewsky et al. [12] found
“positive pivot shift” in 15 % when evaluating ACL
reconstructed patients 6 years post-operatively. In a study
by Ibrahim et al. [21], a pivot glide was found in 12.5 %,
while the rest of the patients had a stable knee. Kleipool
et al. [23] reported pivot glide in 23 % and 2+ pivot shift
in 3.8 % of ACL reconstruction patients at the 4-year
follow-up examination. Hussein et al. [20] randomised the
patients to one out of three techniques of ACL recon-
struction [transtibial single bundle (CSB), anatomical sin-
gle bundle (ASB) and anatomical double bundle (ADB)].
In the transtibial group, they found pivot glide in as many
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as 48 %, while 2+ pivot shift was found in 10 % of the
patients. This was significantly more than in the other two
groups. The mean follow-up time in this study was
4.3 years. Gifstad et al. [11] reported on outcomes on
patients reconstructed with the same technique as this
present study, but with a 7-year follow-up. They presented
data on anterior—posterior laxity, but did not evaluate the
pivot shift.

When comparing the mean subjective scores (Lysholm,
IKDC) between the groups with 0, 1+ and 24 pivot shift,
we found a significant lower mean score in those with 2+
pivot shift. These results are not surprising since the main
goal of ACL reconstruction is to restore the stability of the
knee. Instability and “giving way” is one of the main
complaints of ACL-deficient patients [4, 26, 41]. Some-
what surprising was the finding of no significant difference
in the reported subjective IKDC (n.s.) and Lysholm scores
(n.s.) between patients with 14 pivot shift (pivot glide) and
those with no rotational instability.

A variety of techniques are described for evaluating the
rotational instability. A high inter-rater variability in per-
forming clinical tests and grading the test results is
believed to be present [2, 16, 29]. The lack of standardi-
sation makes the comparison across studies difficult. In the
present study, we used the FRD test as described by Noyes
[30]. In the original publication by Noyes, he claims the
FRD test to be more sensitive in detecting subtle rotational
instabilities, compared to “the lateral pivot shift” as
described by Galway and Maclntosh [9]. This might be one
explanation why we found a high incidence of pivot glide
in our patients.

Patients with muscular guarding can be a problem when
classifying rotational instability [2]. It was not possible to
correctly grade rotational instability in eight (10.5 %) of the
examined patients in our study, due to muscular defence. In
the statistical analysis, we had to exclude these patients.

There are a growing number of studies on possible
shortcomings of ACL reconstruction using a transtibial
drilling of the femoral tunnel [5, 14, 36, 37, 40, 43]. The
difficulty of reproducing an anatomical insertion of the
ACL graft is the main limitation of the coupled drilling
technique; the result is a non-anatomical placement of the
femoral burr tunnel above the native insertion of the ACL
[32, 34]. A vertical orientation of the ACL graft can
explain the increase in rotational instability with this
technique [20, 32]. Our follow-up findings of a high degree
of ALRI confirm the persistence of rotational instability in
patients reconstructed with the transtibial drilling tech-
nique. The original 70° tibial guide used in this study was
later redesigned to a 65° coronal guide due to findings of
increased graft tensions at steep coronal angles [35]. This
was thought to be caused by the impingement of ACL onto
PCL, thus causing graft failure.

@ Springer

Briggs et al. [6] validated the Lysholm score for the use as
a self-reporting questionnaire. The original Lysholm score
was based on physicians filling out the questionnaire. We
used both self-reporting and physician-reported Lysholm
scores. At the 10-year follow-up, the mean Lysholm score
obtained by an interview (88.9, SD 13.0) was significantly
higher than the self-reporting Lysholm score (87.4, SD 11.3,
P = 0.01). However, the difference was small (1.5 points)
and the clinical significance is debatable. We found a high
linear correlation between the self-reporting and physician-
reported Lysholm scores (R = 0.80, P = 0.00). This con-
tradicts the findings of Briggs et al. [6].

When examining the bivariate correlations between
Lysholm score and multiple pre- and per-operative factors,
we found no relation between meniscal resection and the
subjective scoring at the follow-up. This is in contrast to
Shelbourne who found meniscal surgery as a significant
factor explaining variation in the subjective score [33]. We
believe that 10 years post-operatively is a bit early in
evaluating the effect of meniscectomy on development of
osteoarthritis. Also, we are not sure if the sample size is
large enough to detect subtle differences in the subjective
scores.

There is only one other study that reports on mid- to
long-term results using the same surgical technique [11].
This study reported a mean Lysholm score of 91 at the
7-year follow-up. There was no significant change in the
Lysholm scores from the early (1- and 2-year) evaluations
to the 7-year follow-up. Our findings support these results.
In the randomised study by Hussein et al. [20], the mean
Lysholm scores were 91, 92 and 93, respectively, in the
CSB, ASB and ADB groups. There was a statistically
significant difference between the CSB and ADB group
(P = 0.03), though hardly of clinical importance. The
IKDC subjective scores for the same groups were 90, 91
and 92. Other studies with similar length follow-up [3, 8,
10, 15, 27] report mean Lysholm scores in the range 84-96.
When comparing the results in these studies to the mean
subjective scores in our patient group, we have found good,
but not excellent results. A surprising finding, when
examining pre-operative factors predicting the long-term
Lysholm score, was the significant higher mean value in
those with a left-sided ACL reconstruction. We have cur-
rently no explanation for this difference.

The strengths of this study include using an independent
examiner at the clinical follow-up reducing the possible
bias that occurs when a surgeon examines his own patients
[19] and a high follow-up rate of 86 %. The most important
limitations of our study include a retrospective design, the
lack of a control group and the inclusion of patients
operated upon by several different surgeons. The latter
gives rise to an inter-surgeon variability that could to some
extent be corrected for by statistical stratification. Due to
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the relatively small number of patients in the study, we
have not undertaken such an analysis. Although they were
experienced surgeons, this was early in the learning curve
of this method, and one could perhaps expect improved
results over time.

The clinical relevance of this study relates to the
importance of the restoration of rotational stability after an
ACL rupture. The “giving way” typically experienced by
patients where pivot shift is persistent after reconstruction
is probably one of the main reasons for inferior subjective
scores. This knowledge should point to the importance of
restoring native biomechanical properties when choosing
method for surgical reconstruction.

Conclusion

At 10 years post-operatively, most of the patients with ACL
reconstruction using hamstrings autograft, the 70° tibial
guide and transtibial femoral tunnel placement have both
satisfactory clinical and self-reported outcomes. The out-
comes are comparable to those described for similar tech-
niques. There was a low incidence of radiographic OA, and
few had restrictions in ROM. A high incidence of 1+ and
2+ pivot shift adds to the critique of the transtibial drilling
of the femoral tunnel. The positive pivot shift was correlated
to significantly lower Lysholm and IKDC subjective scores.
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