Knee Surg Sports Traumatol Arthrosc
(2004) 12:189-197

DOI 10.1007/s00167-003-0438-8

Tim Rose

Thomas Engel
Joachim Bernhard
Pierre Hepp
Christoph Josten
Helmut Lill

Received: 10 December 2002
Accepted: 9 July 2003

Published online: 26 September 2003
© Springer-Verlag 2003

T. Rose (=) - T. Engel - J. Bernhard
P. Hepp - C. Josten - H. Lill
Department of Trauma

and Reconstructive Surgery,
University of Leipzig,

Liebigstrasse 20a,

04103 Leipzig, Germany

Tel.: +49-341-9717300,

Fax: +49-341-9717319,

e-mail: rost@medizin.uni-leipzig.de

KNEE

Differences in the rehabilitation period
following two methods of anterior
cruciate ligament replacement:
semitendinosus/gracilis tendon vs.

ligamentum patellae

Abstract This study compared pa-
tient outcome during the early reha-
bilitation phase following two differ-
ent methods of anterior cruciate liga-
ment (ACL) reconstruction: ligamen-
tum patellae (LP) and semitendinosus/
gracilis tendon (SG) based recon-
struction. The study included 50 con-
secutive patients treated by each
method, examined 6 weeks and 3, 6
and 12 months after surgery. Patients
in the SG group showed significantly
better Lysholm scores at 6 and

12 months, Tegner Activity Scale
scores at 3 months, and pain profile
assessments at 6 weeks and 3 months
than those in the LP group. Signifi-
cant advantages were observed in

LP group in the Overall Knee Score
at 6 weeks and in range-of-motion at
6 weeks and 3 and 6 months post-sur-
gery. Stability tests revealed no sig-
nificant differences between patients
in the two groups. SG-based recon-
struction of the ACL thus demon-
strates advantages over LP-based re-
construction regarding pain and func-
tion, while LP-based reconstruction
was associated with an earlier return
of motion.
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Introduction

The use of autologous material to perform arthroscopic re-
construction of the anterior cruciate ligament (ACL) fol-
lowing acute rupture or in cases of chronic anterior insta-
bility has become standard procedure, although alleged
advantages of arthroscopic vs. open reconstruction remain
subject to debate [19]. Autologous, arthroscopically assisted
ACL reconstruction is currently the most commonly per-
formed using either the semitendinosus/gracilis (SG) ten-
dons or the central third of the ligamentum patellae (LP)
[24]. Various studies indicate that each of these methods
has produced good to very good clinical results at medium-
term follow-up (at least 24 months) [5, 10, 11, 12, 20, 23,
29, 32] and long-term follow-up (at least 4 years) [2, 14,
21, 34]. However, several authors [7, 37] have observed
that SG-based reconstruction often leads to decreased post-
operative pain profile, more rapid return to functionality
of the quadriceps muscle, and less trauma associated with

harvest of the transplant while effecting the same func-
tional result as LP-based reconstruction.

Because of the relatively young and active population
of patients who typically undergo ACL reconstruction the
promotion of fast rehabilitation with early social reinte-
gration and complete return of knee functionality is inte-
gral to treating anterior knee instability. The rehabilitation
program prescribed to patients following ACL reconstruc-
tion varies with the study. Marder et al. [29] endorsed rel-
atively early functional treatment with protected weight-
bearing up to 6 weeks postsurgery for both procedures; re-
turn to normal activity was permitted 10—12 months after
the surgery. Alternatively, MacDonald et al. [26] favored
an accelerated postoperative treatment program with full
weight-bearing following SG-based surgery. In addition,
they favored immediate, full range of motion coupled
with wearing a knee brace for a maximum of 2 weeks. A
return to sports activity was allowed after 4 (most sports)
or 6 months (sports that involve pivoting).
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The two main factors used to evaluate the success of an
ACL operation are long-term results and reintegration
into professional and sporting life; the accurate evaluation
of outcome in clinical studies requires a minimum follow-
up of at least 2 years [39]. To date very few studies have fo-
cused on the rehabilitation phase following ACL recon-
struction, and most of the studies that have been conducted
have evaluated only a single time point. Carter and Edinger
[9], who assessed the hamstring and quadriceps isokinetic
capacity of patients 6 months after the patients underwent
ACL reconstruction via the LP or the SG method, found
no statistically significant differences in regard to knee
extension or flexion strength when evaluating the two dif-
ferent tissue sources. However, Eriksson et al. [13] con-
cluded that the SG-based technique offers some advan-
tages during the early rehabilitative phase at a mean fol-
low-up of 26.8+3.5 weeks postsurgery. They hypothesized
that the use of the hamstrings as reconstructive material
leads to less morbidity and shorter rehabilitation follow-
ing ACL reconstruction. Feller et al. [15] documented early
postoperative morbidity following ACL reconstruction
using both LP and SG autografts at 2 weeks, 4 weeks, and
4 months. They also observed less morbidity with the SG
graft during.

The postsurgery rehabilitation phase is a continuous
process during which patients should be evaluated at dif-
ferent time points to identify specific differences between
these two methods of ligament repair. Consequently our
study was designed to compare objectively and subjec-
tively in the outcome using the use of SG vs. LP for ACL
reconstruction at different time points during the rehabili-
tation phase.

Materials and methods

Surgical technique
Semitendinosus/gracilis tendon graft (SG group)

The pes anserinus was identified via a longitudinal incision to the
center of the tibial tuberosity in patients undergoing the SG proce-
dure. After separation of the semitendinosus and gracilis tendons,
the tendons were harvested with a tendon stripper (Arthrex, Naples,
Fla., USA). Both tendons were prepared using the four-strand
method. All tendons were of sufficient length to make quadruple
grafts. The graft was placed using the single-channel method and
fixed using bioresorbable interference screws (Arthrex) on the
femoral and tibial sides. The tibial fixation was performed with the
leg fully extended under manual tensioning.

Patellar tendon graft (LP group)

The central third of the patellar tendon and a bone block (length
2.5cm) were harvested from the patella and tibia, respectively,
through a longitudinal incision. The reconstructive procedure was
performed arthroscopically in all patients using the single-channel
method and Arthrex guides for tunnel placement. Notchplasty was
carried out if necessary. The graft was fixed using bioresorbable
interference screws (Arthrex) on the femoral and tibial sides. The

tibial fixation was performed with the leg fully extended under
manual tensioning.

Postoperative and rehabilitative care

The same postoperative rehabilitation protocol was used for pa-
tients in both treatment groups. Full weight-bearing was allowed
from the first day postsurgery. In the phase immediately following
surgery (days 1-4) continuous passive motion (CPM) was performed
using a motorized CPM device. Analgesic treatment was applied
when necessary in combination with local cooling and anti-inflam-
matory medication. From the 5th day the CPM device was used to
obtain up to 90° flexion and full extension of the knee. Knee pro-
tection was provided by a knee brace (Artrocare CTS, Ormed,
Freiburg, Germany) that was fitted and worn until week 6 postop-
eration without limitation of extension or flexion. More intensive
training therapy aimed at specific muscle development was initi-
ated in the third week using muscle sequences and closed-chain
exercises. Beginning at week 7 postsurgery coordination exercises
were introduced to improve proprioception. Sports activity (e.g.,
running and open chain exercise) was permitted after 12 weeks of
rehabilitation; however, sports involving contact and/or pivot shift-
ing were not allowed for 6 months following surgery.

Details of evaluation

All patient cases were selected using a consecutive comparison
method. Exclusion criteria included signs of infection, reduced
general condition, prior reconstruction, and concomitant injury to
the posterior cruciate ligament. A total of 57 patients with an ACL
reconstruction using the central third of the LP with two blocks of
bone were thus included between December 1997 and July 1998.
Between August 1998 and January 1999 we enrolled 58 patients
with the four-strand method of ACL reconstruction using the SG
graft. The first 50 patients in each group to complete a 12-month
follow-up were analyzed. Patients in the LP group, consisting of
33 men and 17 women, had a median age of 29.5 years (range 17—
45). The median age of the 29 men and 21 women patients in the
SG group was 29 years (range 15-55). All operations were per-
formed by the same surgeon, who had extensive experience in both
procedures prior to the study period. Patients in each group were
examined at 6 weeks and 3, 6, and 12 months; at each time point
the following assessment instruments and measurements were used
or acquired: (a) overall Knee Score, as established by Orthopadi-
sche Arbeitsgruppe Knie of the Swiss Orthopedic Association (OAK)
[30]; (b) Lysholm Knee Scoring Scale [25]; (c) Tegner Activity
Scale [38]; (d) Lachmann and pivot-shift stability test; (¢) measure-
ment of anterior translation of the tibia with manual maximum
force using the Aircast Rolimeter device (only after 12 months; for
comparison the stability evaluation compared the recovering knee
to the healthy knee with the knee joint at the 60° position; and (f)
range of motion measurement using a protractor.

All questionnaires were completed by the patients without su-
pervision. Two independent examiners, neither of whom was the
operating surgeon, conducted the clinical examinations and patient
consultations. Anterior translation was measured three times by one
examiner to determine the intrareliability for this examiner at the
current patient. Knee extension evaluated by range of motion was
compared to the extension angle of the healthy knee joint. Cases in
which the period between injury and reconstruction of the ACL
was less than 6 weeks were classified as acute ruptures. Cases in-
volving longer time periods were classified as chronic instability
injuries. The minimum acceptable time periods between injury and
operation was 10 days. The Lysholm knee scoring scale was used
for pain scoring. Six weeks after surgery the pain could be assessed
only from the close chain exercise, because of the rehabilitation
protocol.
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Statistical analysis

Data are presented by descriptive statistics (i.e., mean, standard de-
viation, median, range). The ordinal variables (i.e., join stability,
range of motion, pain level) were examined using the y? test. The
nonparametric Mann-Whitney U test was used to assess variance
in the performance scores used to identify possible differences be-
tween the two surgical procedures (OAK score, Lysholm score,
Tegner score), and the nonparametric Wilcoxon test was used to
evaluate differences over time. All significance tests were two-
tailed, and statistical significance was set at 0.05.

Results

The SG group comprised 31 cases of acute injury and 19
cases of chronic instability. The cases of acute injury and
chronic instability in the LP group were 34 and 16, re-
spectively. Lysholm and OAK scores revealed no signifi-
cant differences between the patients with chronic instabil-
ity injuries and those with acute ruptures (Table 1). In the
SG group concomitant intra-articular injuries included 7 in-
juries to the medial meniscus, 4 injuries to the lateral menis-
cus (6 refixed, 5 resected), and 7 chondral lesions (2 be-
hind the patella and 5 on the femoral condyle; grade II, 4;
grade III, 2; grade IV, 1). There were 12 cases of concomi-
tant injury to the medial meniscus in the LP group (5 re-
fixed, 7 resected), 3 cases of injury to the lateral meniscus,
and 5 cases of chondral lesions to the femoral condyle
(grade II, 1; grade III, 3; grade IV, 1)

Graft laxity

During the clinical stability examination conducted 12
months after the operation 6 patients in each group (12%)
showed a positive result for the pivot-shifting phenome-
non. In all of the postoperative follow-up periods (6 weeks
and 3, 6, and 12 months postsurgery), the Lachmann test
returned positive results for 3 patients in the SG group
(6%) and 6 patients in the LP group (12%; Table 2). The

Table1l Lysholm and OAK scores. Scores did not differ as to
whether ACL reconstruction was performed due to acute injury or
chronic instability

Score Acute Chronic P
Lysholm
6 weeks 75 (18-90) 73 (44-88) 0.73
3 months 79 (55-100) 81 (36-100) 0.85
6 months 88 (62-100) 88 (36-100) 0.93
12 months 88 (56-100) 90 (56-100) 0.30
OAK
6 weeks 72 (42-86) 69 (55-84) 0.42
3 months 79 (42-97) 78 (58-96) 0.60
6 months 86 (48-100) 84 (62-96) 0.23
12 months 92 (62-100) 92 (75-100) 0.14

Table2 Evaluation of stability 12 months postsurgery. Functional
knee stability tests (Lachmann and pivot-shift tests) and the trans-
lation test (difference between the healthy side and the recon-
structed side, using Rolimeter) revealed similar results in the two
treatment groups 12 months postsurgery

Test SG LP P
Lachmann 0.49
0 (0-2mm) 47 44
+1 (3-5 mm) 3 6
Pivot-shift -
0 44 44
+1 (trace) 6 6

Rolimeter (mm) 1.9+1.6 1.3£1.3 0.30

Table3 Range of motion evaluation. Loss of extension was signif-
icantly higher in the SG than the LP group at 6 weeks, although the
flexion deficit persisted in the LP group for 6 months postsurgery;
there was no significant difference between the groups 12 months
postsurgery

Range-of-motion SG (n) LP (n) P
6 weeks
Extension deficit 0.05
<3 29 43
3-5 16 7
>5 5 0
Maximal flexion 0.05
>120 14 42
90-120 36 8
<90 0 0
3 months
Extension deficit 0.26
<3 43 46
3-5 7 4
>5 0 0
Maximal flexion 0.05
>120 42 50
90-120 8 0
<90 0 0
6 months
Extension deficit 0.18
<3 42 46
3-5 7 4
>5 1 0
Maximal flexion <0.05
>120 42 50
90-120 8 0
<90 0 0
12 months
Extension deficit -
<3 50 50
3-5 0 0
>5 0 0
Maximal flexion 0.12
>120 45 50
90-120 5 0
<90 0 0
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Lachmann test was carried out in combination with addi-
tional Rolimeter measurements to improve the stability
evaluation. In the SG group an overall mean anterior-pos-
terior translation of 7.7+2.1 mm [3] was measured at the
recovering knee joints and compared to the overall mean
healthy-knee measurement of 6.6+1.3 mm. In the LP group
the mean anterior translation on the knee joint that had been
operated upon was 7.2+1.4 mm while that on the healthy
knee was 6.5£1.5 mm. No significant differences between
the healthy and the recovering knee were identified in ei-
ther group (LP group: P=0.64; SG group: P=0.06). Simi-
larly, no statistical differences between the two reconstruc-
tion methods were detected based on Rolimeter measure-
ments (difference between the reconstructed knee and
healthy knee) used to evaluate anterior translation (P=0.30).
The most marked difference in translation movement be-
tween the reconstructed knee joint and the healthy knee
joint was 5 mm (three patients in the SG group and two in
the LP group).

Range of motion

In the 6-week to 12-month rehabilitation period there was
a clear improvement in knee joint mobility in both groups.
Twenty-one patients in the SG group had an extension
deficit of at least 3° in the repaired knee (relative to the
healthy knee) at 6 weeks and in the LP group (Table 3).
All patients were able to extend the repaired knee fully at
12 months. In the SG group a mean increased flexion of
111+11° was measured at 6 weeks; flexion had increased
to an average of 128+7° at 12 months. In the LP group the
average increased flexion of 123+8° improved to an aver-
age of 133+5° during the same period. Extension was sig-
nificantly (P<0.05) better after 6 weeks and flexion signif-
icantly (P<0.05) better after 6 weeks and 3 and 6 months
in the LP group than the SG group.

Pain evaluation

Pain intensity was evaluated using the Lysholm Knee Scor-
ing Scale. At 6 weeks 20 patients in the SG group had in-
constant or no pain during heavy exertion, compared to
only 3 in the LP group (Table 4). At 12 months 42 patients
in the SG group and 34 in the LP group reported incon-
stant or no pain during heavy exertion. Patients in the SG
group reported less pain than those in the LP group at the
6-week and 3-month time points.

Activity level
The degree of activity was determined using the Tegner

Activity Scale (maximum score 10 points). No significant
differences between the two treatment groups were found

Table4 Pain score evaluation using the Lysholm Knee Scoring
Scale. Significantly more pain was reported in the LP than the SG
group 6 weeks and 3 months postsurgery, but there were no differ-
ences between the groups after 12 months. (pain score: 25 none,
20 inconstant and slight during heavy exertion, /5 marked during
heavy exertion, /0 marked on or after walking more than 2km,
5 marked on or after walking less than 2 km, 0 constant)

Pain score SG (n) LP (n) P

6 weeks <0.05
20-25 20 0
10-15 27 42
0-5 3 5

3 months <0.05
20-25 31 16
10-15 16 30
0-5 3 4

6 months 0.09
20-25 39 29
10-15 10 18
0-5 1 3

12 months 0.12
20-25 42 34
10-15 8 14
0-5 0 2

Table5 Results of Tegner Activity Scale. No preinjury differences
were found in the grade of activity between patient in the two
groups, but activity was significantly higher in the SG than the LP
group 3 months postsurgery; more patients in the SG group than in
the LP group had reached their previous or a higher activity level
at the end of the follow-up, although the difference was not signif-
icant

SG LP P
Score
Preinjury 5.3£2.0 4.8+1.9 0.22
6 weeks 0.74£0.9 0.5+0.8 0.33
3 months 2.1£1.3 1.5£1.2 <0.05
6 months 3.2+1.6 3.3+1.8 0.89
12 months 4.3+2.2 4.0+£2.1 0.79

Comparative level (n)
Lower 28 31
Same or higher 22 (44%) 19 (38%)

0.34

at 6 weeks (P=0.33), 6 months (P=0.89), or 12 months (P=
0.79) after surgery (Table 5). Three months after the oper-
ation patients in the SG group displayed significantly
higher activity scores (P<0.05) than those in the LP group
(SG 2.1+1.2, LP 1.5£1.3). The average preinjury activity
score, determined retrospectively, was 5.312.0 in the SG
group and 4.9+1.9 in the LP group (P=0.22). At 1year
22 patients in the SG group and 19 in the LP group re-
ported that they had resumed a level of activity that was
equal to or higher than their activity level prior to the sur-
gery (P=0.34). However, there were significantly (P<0.05)
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Table 6 Results of OAK Knee Score. The score was significantly
higher in the LP than the SG group at 6 weeks; no differences were
detected at the other time points

OAK score SG LP P

6 weeks 68 (42-86) 74 (55-85) <0.05
3 months 78 (42-97) 79 (64-94) 0.41
6 months 85 (48-100) 85.5 (69-96) 0.82
12 months 92 (62-100) 93 (76-100) 0.94

Table7 Results of Lysholm Knee Scoring Scale. The score was
significantly higher in the SG than the LP group at 6 and 12 months;
no differences were detected at the other time points

Lysholm score SG LP P

6 weeks 75 (18-90) 74 (44-88) 0.89
3 months 82.5 (36-100) 78 (43-95) 0.09
6 months 90 (62-100) 81.5 (36-95) <0.05
12 months 90 (56-100) 84.5 (56-95) <0.05

lower activity scores in both groups at 12 months (SG 5.3+
2.0, LP 4.8£1.9) than the preinjury activity score (SG 4.3+
2.2, LP 4.0£2.1).

OAK score and Lysholm score

The OAK score recorded 6 weeks after the operation re-
vealed a significantly better result (P<0.05) for patients in
the LP group than for those in the SG group (Table 6). At
the other postoperative examinations there were no signif-
icant differences detected between the groups (3 months,
P=0.41; 6 months, P=0.82, 12 months, P=0.94). In contrast,
the Lysholm scores were significantly better in the SG
group than in the LP group at the 6-month (P<0.05) and
12-month (P<0.05) time points (Table 7). No significant
differences in Lysholm score were detected at the 6-week
(P=0.89) and 3-month (P=0.09) examinations. At the end
of the follow-up 45 patients in the SG group had good or
very good results according to the OAK score while 41 pa-
tients attained similar results according to the Lysholm
score. In the LP group 44 patients showed good or very
good results according to the OAK score and 36 patients
according to the Lysholm score. No correlations were found
between functional scores (Lysholm, OAK, Tegner) and
clinical variables (pain, range of motion, stability).

Discussion

This study compared two standardized techniques for ACL
reconstruction under similar circumstances and conditions.
During the early rehabilitation phase patients were evalu-
ated prospectively 6 weeks and 3, 6, and 12 months after
surgery. Our findings indicate some advantage to the LP

method regarding range of motion. The greater pain in the
LP group than in the SG group proved to disadvantage LP
patients throughout the entire follow-up period and perhaps
explains the better activity level results in the SG group at
6 weeks and 3 months and the improved Lysholm scores
recorded at 6 and 12 months. Because long-term results
were not addressed in this study, no conclusions can be
drawn regarding long-term advantages to one technique
over the other.

This prospective study evaluated patient recovery fol-
lowing ACL reconstruction. Very few reported studies have
compared the outcome of two different methods of ACL
reconstruction during the early postoperative phase [9, 13,
15]. The postoperative rehabilitation program is known to
play an important role in clinical outcome and patient sat-
isfaction following ACL reconstruction. The use of early
physical therapy, including muscle training (particularly
training based on discrete muscles sequences), can help to
prevent atrophy development in fast type II muscle fibers
(musculus vastus medialis) [33]. A knee brace can prevent
uncontrolled anterior-to-posterior and torsional movement
while the intra-articular proprioception remains impaired
[16]. With these techniques in mind, all of the patients in
our study wore a knee brace during the first 6 weeks after
surgery and participated in similar training programs un-
der the supervision of a physical therapist. Thus any differ-
ences in outcome between the two treatment groups are
attributable to the different reconstruction methods.

Carter et al. [9] found that the PL, SG, and semitendi-
nosus tendon methods of reconstruction resulted in no sig-
nificant differences in the extension and flexion strength
of the knee joint as assessed by isokinetic examination at
6-month follow-up. However, results obtained by Eriks-
son et al. [13] during the early postoperative period (mean
26.8+3.5 weeks) indicate that reconstruction using ham-
strings affects quadriceps muscle strength and propriocep-
tion less than reconstruction using bone-tendon-bone
grafts. Feller et al. [15] also observed a higher quadriceps
torque deficit in the LP group after 4 months.

Marcacci et al. [28] reported that patients who undergo
early reconstruction of the ACL (<15days after injury)
can return to sports activity earlier and show better clinical
results and higher knee joint stability than patients who un-
dergo delayed reconstruction; therefore we distinguished
between acute ACL rupture and chronic anterior instabil-
ity by the period between injury and ACL reconstruction
(i.e., <6 weeks postinjury vs. longer periods). Our clinical
results did not confirm the findings of Marcacci et al. The
main reason for the difference could be the different defi-
nition of acute trauma (14 days vs. 6 weeks). However, nei-
ther the Lysholm scores nor the OAK scores indicated any
significant differences in recovery between cases of acute
injury and chronic instability (according to our definition)
at any of the tested time points. We were thus able to ex-
clude the onset of instability as a factor influencing oper-
ative outcome.
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Graft laxity

The primary goal of ACL reconstruction is to obtain suf-
ficient stability of the knee joint; therefore joint stability is
an important criterion by which to assess operative out-
come. We observed a positive pivot-shift phenomenon in
6 patients (12%) from each group and soft joint contact
upon extension according to the Lachmann test (3 patients
in the SG group; 6 in the LP group), results that closely
paralleled the findings reported by Aglietti et al. [2] who
detected grafting failure in the form of a positive pivot shift
or a lateral difference according to the KT 1000 measure-
ment in 10% of patients treated using the SG method.

Eriksson et al. [13] observed more manual laxity (ac-
cording to the Lachmann test) after treatment using the
semitendinosus tendon rather than the LP, whereas they
found no significant differences in the pivot-shift test or
Stryker side-to-side laxity. Additional, Beynnon et al. [5]
reported after 3 years of follow-up that the bone—patellar
tendon—bone autograft was superior to replacement with a
two-strand SG graft with regard to knee laxity and pivot-
shift grade. The meta-analysis by Freedman et al. [17]
summarized the significantly lower rate of graft failure
and the better static knee stability with patellar tendon au-
tografts. Further comparable studies [1, 10, 29, 32] were
combined in a meta-analysis by Yunes et al. [39], which
revealed a significant stability difference at 201b force in
favor of LP-based reconstruction according to KT analy-
sis. O’Neill et al. [32 observed more stiffness associated
with the LP as measured with the KT 2000arthrometer at
maximum force. Aglietti et al. [1] reported a side-to-side
difference in anterior displacement greater than 5 mm at
301b in 13% of knee joints reconstructed with LP and in
20% of those reconstructed with SG. However, there was no
statistical difference between the groups at maximum man-
ual force. The latter finding was confirmed by our results
based on Rolimeter readings obtained while at the maxi-
mum force. The used Rolimeter device to quantify ante-
rior translation is easy to use and is comparable to the KT
arthrometer in terms of diagnostic specificity and sensitiv-
ity [4, 18]. The results that we obtained with the Rolime-
ter device accorded closely with those reported by Marder
et al. [29], which showed comparably good results between
PL and SG grafting methods using the KT-1000 (average
contralateral difference in the SG group, 1.9+1.3 mm; LP
group, 1.6+1.4 mm) 24 months after surgery. Similarly, sev-
eral studies [10, 11, 23] also detected no significant dif-
ferences in knee joint stability between those two therapy
methods as assessed by KT arthrometer.

However, Ropke et al. [35] found that stability mea-
surements of knee joints reconstructed with either PL or
SG did not necessarily reflect the clinical result, a finding
indicating that factors other than knee joint stability affect
clinical outcome. As with Sernert et al. [36] and Eriksson
et al. [13], we found no correlation between functional
outcome and stability factors.

Range of motion

Recovery of full extension in the knee joint is necessary
for a satisfying postoperative functional result. Aglietti et
al. [1] reported a slight loss of extension (<3°) in 48% of
patients in their LP group and 3% of patients in their SG
group in a study of 60 patients at an intermediate follow-
up of 28 months; this difference between treatment groups
was significant. In contrast Buss et al. [8] detected mini-
mal range-of-motion loss in 63 of 68 patients with knees
reconstructed via the PL method (follow-up: 2 years min-
imum) while Eriksson et al. [13] found only a few deficits
in extension and flexion at an early time point postsurgery
(mean 26.8£3.5 weeks) with no differences attributable to
reconstruction technique. This was confirmed by Feller et
al. [15], who also observed no differences between the two
groups at 2weeks, 4 weeks, or 4 months postoperative re-
garding the range of motion. Our results do not completely
confirm these prior findings. During the early rehabilita-
tion phase (6 weeks after operation) patients from the SG
group displayed significantly lower range of motion that
affected joint extension and limited flexion for 6 months
postsurgery. We hypothesize that harvesting the SG more
severely affected the function of the lower extremity (par-
ticularly the flexion) than did harvesting the LP. The ex-
amination of motion at the end of the follow-up period
(12 months post-surgery) revealed full extension capacity
in all patients when comparing the reconstructed knee to
the healthy knee.

Pain evaluation

Corry et al. [10] determined that ACL reconstruction in-
volving the SG resulted in less pain than did the PL-based
reconstruction; they hypothesized that excising the trans-
plant tissue from the hamstring tendons is less traumatic
than excising the PL. The study by Feller et al. [15] found
more severe anterior knee pain in the LP group after
2 weeks, but no differences were seen after 8 weeks or
4 months. During the early rehabilitation phase (6 weeks
and 3 month after surgery) we found that the pain profile
in the SG group was significantly lower than that in the
LP group. This pain differential may also be attributable
to the higher incidence of retropatellar pain associated
with the PL method [35, 35]. Eriksson et al. [13] and Shaieb
et al. [37] also reported that patellofemoral pain and donor
site pathology were more common in the LP group than in
the SG group. These findings support our observations and
similar results obtained in studies conducted by Aglietti et
al. [1] and Muneta et al. [31], which also found a higher
incidence of patellofemoral pain in the LP group.
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Activity level

Recovery of knee joint function and the patient’s ability to
perform pre-injury activities are decisive factors in assess-
ing surgical outcome. Marder et al. [29] reported that 64%
of their patients (n=72) had returned to their previous
level of activity within a follow-up period of at least
24 months postoperation (range 24—40 months). Similar re-
sults were recorded by Maeda et al. [27], who reported
that 23 of 41 patients had returned to their previous level
of activity within 24-48 months following surgery. Agli-
etti et al. [2] evaluated 68 patients with anterior instability,
of whom 67% were previously active in a sport that in-
volves pivoting. After ACL reconstruction using the SG
54% of the patients had resumed playing this type of sport
when evaluated at the 60-month follow-up. The return to
levels of activity equal to or higher than preinjury levels
was attained by only 41% of our patients, with no signifi-
cant differences between the two groups of patients. This
relatively low figure may be due to the short follow-up of
12 months and probably will increase in time. Severe stud-
ies [5, 11, 13] similarly detected no differences in patients’
ability to resume activity based on the method used for
ACL reconstruction. In contrast, O’Neill [32] found that
patients in the LP group returned to a higher level of ac-
tivity than patients in the SG group. This conclusion was
underscored by the Yunes et al. meta-analysis [39] which
indicated a significant return to activity advantage for pa-
tients in the LP groups at a minimum follow-up of 2 years.
Conflicting findings obtained by Ropke et al. [35] sug-
gested improved functional results in patients who had re-
ceived semitendinosus tendon treatment compared with
those who underwent LP treatment after follow-up of up
to 24 months. Feller et al. [15] observed a higher activity
level in the LP group despite a lower IKDC score and a
greater pain in general in this group 4 months postopera-
tively. In contrast, we found a significantly greater level of
activity in the SG group at the 3-month follow-up. In our
opinion, the lower degree of pain reported by patients in
the SG group at 6 weeks and 3 months into the rehabilitation
phase may have enabled earlier mobilization and height-
ened rehabilitation capacity of patients in this group than
those in the LP group.

OAK and Lysholm scores

Total assessment scores have been demonstrated to be
useful in creating a common basis for comparing individ-
ual surgical outcomes [6]. We utilized the OAK assessment
and the Lysholm Knee Scoring Scale for general outcome
evaluation. Breitfuss et al. [6] reported good to very good
postoperative results in 80% of patients (n=41) based on
OAK assessment following ACL reconstruction using LP.
In a study comparing the two reconstruction techniques
Feller et al. [15] observed a significant higher scoring in

the SG group than in the LP group using the IKDC score
at the early follow-up of 4 months. Corry et al. [10] con-
firmed equally good results at 24-month follow-up ac-
cording to the Lysholm and IKDC scores. Similar results
were described by Jansson et al. [23] using IKDC and
Lysholm scores after a minimum follow-up of 21 months.
Pinczewski et al. [34] found similar results in the two
groups using the Lysholm score after a longer follow-up
of 5years.

The assessments used in our study (Lysholm and OAK)
revealed partially conflicting results. The Lysholm score
showed better results in the SG group than the LP group
at 6 and 12 months, but the benefit of the SG reconstruc-
tive technique was not confirmed by the OAK assessment,
which indicated that patients in the LP group showed sig-
nificantly better results than patients in the SG group at
6 weeks. The reason for these conflicting results can be
traced to differences in the scoring criteria used in the two
assessment techniques. The movement deficit in exten-
sion and flexion is given high priority in the OAK evalu-
ation. Thus the initially worse freedom of movement in
extension and flexion of patients in the SG group 6 weeks
after surgery lowered these patients’ OAK score at this
time point, although the patients’ Lysholm score, based on
self-evaluation, did not support this OAK result. Freedom
from pain and the associated raised activity level resulted
in a better Lysholm score since the Lysholm Knee Scoring
Scale strongly emphasizes these criteria. Essentially the
Lysholm score is correlated more strongly with the sub-
jective evaluation of the patient, whereas the OAK score
provides a differentiated evaluation [22]. The lower pain
profile in the general follow-up for patients in the SG
group could be attributed to the lower trauma associated
with excising the transplant tissue when using this tech-
nique; this reduction in pain would lead to a subjectively
improved evaluation of the operational result and could
explain the increase in the Lysholm score observed 6 and
12 months after surgery. The decreased pain profile also
could explain the significantly decreased occurrence of
thigh atrophy in the SG group 1 year after surgery, a find-
ing reported by Corry et al. [10].

Conclusion

A return to pain-free function of the knee joint is of major
importance to patients who undergo ACL reconstruction.
This function is best achieved via use of the surgical
method that causes the least trauma possible and allows
the fastest possible rehabilitation. Patients are able to tol-
erate the slight inconvenience of graft stiffness, which does
not exert any negative effect on surgical outcome. The tem-
porarily decreased range of motion also is well tolerated
by patients. When operating on patients who are young and
active in sports, both the subjective recovery and the ob-
jective surgical outcome are important to ensure early reha-
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bilitation and social reintegration. This study demonstrates
that ACL reconstruction using the SG technique results in
advantages regarding pain and function during the rehabil-
itation phase compared to LP-based reconstruction. There-
fore this technique can be recommended when performing
ACL reconstruction for young, active patients as well as

athletes. However, the contradictory results that we ob-
tained regarding the ability to return to preinjury levels of
activity following ACL reconstruction by these two meth-
ods should be explored further in additional studies de-
signed to evaluate correlations between results in the reha-
bilitation phase and results at long-term follow-up.
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