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Postoperative range of motion and stability after anterior cruciate ligament
reconstruction using quadrupled hamstring autograft
Rana Dawood Ahmad Khan, Syed Muhammad Tayyab Hassan, Usama Bin Saeed, Ajmal Yasin

Abstract
Background: The incidence of anterior cruciate ligament (ACL) tear is increasing, especially in young active adults.
Various surgical options like bone-patellar tendon-bone graft and hamstring autograft have been the focus of
evaluation and comparison in various aspects, each having specific advantages and demerits. We are increasingly
using and analysing quadrupled hamstring autograft for ACL reconstruction. Previously it was advocated as a sports
injury, but now we note that road traffic accidents (RTAs) are the most common cause of ACL tear.
Objectives: Objective of this study was to evaluate clinical results of ACL reconstruction in terms of stability and
range of motion using hamstring autograft.
Materials and Methods: We enrolled 50 patients from June 2011 to May 2014with isolated ACL rupture, used
autologous quadrupled hamstring graft and compared the clinical improvement of knee stability and range of
motion preoperatively versus postoperatively using pivot shift test and lachman test. Every patient underwent a
standardised 6-month rehab follow-up plan and then findings were documented and analysed using SPSS 17.
Results: Marked improvement was seen at 6-month follow-up. Preoperatively 44(88%) patients showed grade 2
positive pivot shift test while postoperatively only 1(2%) showed grade2 positive pivot shift,and 47(94%) patients
improved to grade0 pivot shift. Similarly,44(84%) patients were having grade 2 positive lachman test preoperatively
which improved to43(86%), showing grade0 lachman test and only 5(10%) showed grade2 positive lachman test.
Keywords: Anterior cruciate ligament, Quadrupled hamstring graft, Range of motion, Stability. (JPMA65:S-215(Suppl.3);2015)

Introduction
The anterior cruciate ligament (ACL) is the most common
completely torn ligament in the knee.1 ACL
reconstruction is an effective method of treating
instability and anterior tibial subluxation due to ACL
tear.2-5 The aim of surgery is to restore the ACL function
and proprioceptive mechanisms that are compromised
due to traumatic ACL rupture, thus the risk of
osteoarthritis is also reduced.6
The trend of operative reconstruction procedures for ACL
rupture is rising with time and improved postoperative
results are achieved with arthroscopic surgery and
advancement of arthroscopic equipment. Different types
of autografts are the most preferred form and way of
surgical reconstruction of a ruptured ACL.3,4 Mostly bonepatellar tendon-bone (BPTB) and semitendinosus-gracilis
(STG) autografts are used and both have been shown to
produce 80% to 90% success rates.5 STG autograft are
becoming increasingly popular because they result in
comparatively less donor-site morbidity and less
incidence of osteoarthritis.6
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The current study was planned to evaluate the 6-month
clinical outcome of ACL reconstruction using a
quadrupled hamstring autograft in terms of
postoperative range of motion (ROM) compared with the
normal unaffected knee and postoperative stability based
on lachman test and pivot shift test after 6months of
postoperative rehabilitation.

Patients and Methods
The study was conducted at Allied Hospital, Faisalabad,
Pakistan, from June 2011 to May 2014, and comprised
patients having an isolated ACL rupture and otherwise
not having any other comorbidity, or any previous surgery
to the affected knee. After approval from the institutional
ethics committee, relevant patients were enrolled who
furnished written informed consent. Patients with multiligamentous injuries, previous surgery to same knee or
having osteoarthritis were excluded.
Diagnosis was made primarily on the basis of physical
examination findings. Two same team members
performed Lachman test and pivot shift tests on all
enrolled patients and this was the main basis of diagnosis
and analysis of postoperative results. Preoperative record
of physical findings and radiographs were made. One
surgeon with the help of the same operating team and
instruments performed all the operations using
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autologous STG tendon graft. Postoperatively all patients
were subjected to a standardised rehab protocol for
6months after which final readings were taken.
The affected knee joint was thoroughly examined under
anaesthesia, knee instability findings were confirmed and
documentation was done. Medial parapatellor approach
was made. Femoral and tibial footprints and tunnels were
prepared. STG tendons were harvested using tendon
stripper, maximum tension was given using Naseer Awais
(NA) fixator for five minutes, then tendon was folded four
times and fixed in place using bioabsorbable screw and
vicryl #1 suture.

Graph-1: Lachman Test. Preoperatively vs postoperatively.

A standardised postoperative rehabilitation protocol was
given to all patients and it was supervised by two
personnel and compliance was documented. For
controlled mobilisation, knee braces were used for the
first three weeks postoperatively. Assisted partial weightbearing was allowed in the first three postoperative
weeks. At the last follow-up, ROM, stability and knee
proprioception was measured against the healthy side.
Statistical analysis was done using SPSS 17. Descriptive
statistics, Student t test (paired or unpaired), chi-square
analysis, Fisher exact tests were appropriately applied.
Significance was established at p<0.05.

Results

Graph-2: Pivot shift test. Preoperatively vs postoperatively.

All the 50 patients in the study were males (100%) with a
mean age of 35.02±12.0 years (range: 18-53 years) (TableTable-1: Demographic Data.
Variables

Patients

Number of patients
Gender
Male
Female
Mean Age (y)
Range (SD)
Days from injury to surgery
Range (SD)
Total operative time ± SD min
Mechanism of injury
Road Traffic Accident
Sports
Fall

50
50
0
35.02±12.0
18-53
80±5.43
50-110
80±6.74min
44
4
1

Figure-1: Stretching the graft.

Variable

Normal Knee Rom

Post-Operative Repair Rom

1). Overall, 45(90%) ruptures were caused by RTAs, while
5(10%) were sports injuries. Mean time of surgery was
80±6.74 minutes (range: 55-105 minutes).

Flexion
Extension

148°(145-151)
2°(0-5)

135°(130-145)
2°(0-3)

At the final follow-up, 4(8%) patients had a flexion
contracture of <5°. Mean extension was -2° (range: -3°-0°),

Table-2: Range of motion (ROM) normal knee vs 6 month post-op knee.
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and mean flexion was 135° (range: 130°-145°).
In terms of knee stability, 42(84%) patients showed
grade2 positive lachman test, while at 6-month follow-up
43(86%) patients improved to grade0 lachman test. Only
5(10%) patients showed grade2 positive lachman test
(Graph-1).On the pivot shift test, 44(88%) patients showed
grade 2 pivot shift pre operatively (Graph-2). At 6monthfollow-up, 47(94%) patients) improved to grade0
and only 1(2%) patient was at grade2 postoperatively. At
the end of 6 month period, the flexion and extension ROM
of the operated knee was fairly comparable to normal
unaffected knee as measured by goniometer (Table-2).

Discussion
Figure-2: Creating tibial tunnel.

Bone-patellar tendon-bone complex, hamstring tendon
autografts, and allografts are commonly used as the graft
sources, which graft is the most suitable is still
controversial.7-9 Synthetic grafts are almost never used
because of the poor results.10 Allografts are preferred by
some surgeons because the grafts are easy to obtain in
the desired sizes and have low perioperative morbidity,
shorter operative time and less motion restriction in the
postoperative period. However, the main disadvantages
of reconstruction with allografts include disease
transport, immunogenic rejection of the graft, and
resorption in the tunnel, long remodelling period and
high cost.11
Donor-site morbidity has been reported following the
application of autologous patellar tendon grafts,
including kneeling pain, tendon shortening, patellar
chondromalacia, patellar fractures, patellar tendon
ruptures, patellofemoral pain syndromes and persistent
quadriceps weakness.12-15

Figure-3: Remnants of ACL.

Figure-4: Follow up at 6 weeks.

Hamstring tendons are biomechanically superior to the
patellar tendon.16,17 Isometry of the anterolateral and
posteromedial parts of the normal anterior cruciate
ligament varies depending on the degree of knee flexion.
Due to the four-strand structure, hamstring tendon grafts
mimic this characteristic of ACL most closely.18 The use of
quadruple hamstring grafts is not recommended in
overweight patients (more than 100kg), sprinters and
patients with medial laxity or with a pivot shift test result
of 4(+), which constitutes the limitations of quadruple
hamstring grafts.19,20
Different methods are currently used in fixation with
hamstring grafts. The most common include screws,
EndoButtons and cross-pins. In a study conducted on
graft fixation materials, Brand et al.21 stated that while
cross-pins were not weaker than EndoButtons or other
fixation methods in terms of force and loading, but the
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disadvantages were reported to be the need for an
additional incision and the occurrence of dilatation due to
in-depth fixation in the tunnel.
Authors such as Howell22 and Beynnon23 do not have
their patients use a brace following ACL reconstruction.
Some studies have shown that aggressive rehabilitation
immediately after surgery tends to increase knee
laxity,23,24 while others have found no difference in
subjective outcomes or functional stability.25
Furthermore, Wright et al26 conducted a systematic
review confirming that the available evidence on
postoperative bracing, immediate weight-bearing, and
unrestricted ROM has largely been performed addressing
BPTB grafts, demonstrating the lack of attention in
comparison with STG grafts.
We used angle-adjustable hinged knee braces in the
initial postoperative period for controlled mobilisation
and protection of the graft integrity by reducing the load
until adequate quadriceps strength was achieved.27,28 The
principal aim was to obtain full quadriceps strength and
good ROM and stability by the end of the follow-up. We
continued the rehabilitation with isometric straight-legraising exercises and kept the brace during 3 to 6 weeks
until a motion in range of 0-120° was obtained. After the
removal of the drain, we mobilised our patients and
allowed partial weight-bearing as much as tolerated.
While early full weight-bearing may lead to haem
arthrosis which can impair rehabilitation, it should not be
delayed more than 3 weeks.28,29 This rehabilitation
enabled all patients to return to full activity and
appreciable stability within 6 months.
Aglietti et al. compared 30knees with ACL tear
constructed with BPTB graft against 30 knees with ACL
tear reconstructed with hamstring autograft. They found
translation of <5mm in 13% and 20% of the knees,
respectively.29 Other authors have reported tibial
translation of >5 mm in 10% to 18% of patients following
anterior cruciate reconstruction with a hamstring
graft.30,31 We found tibial translation of between 3 and
5mm in 11% patients and of >5mm in 6%. Of the five
patients in our series who had tibial translation of >5mm,
three had a positive pivot shift test and two did not. The
grafts in the latter two patients were not considered
failures.
Noojin et al. reported a difference (p<0.05) between the
clinical failure rates in women (23%) and men (4%) in a
group of 65 patients who had undergone anterior
cruciate reconstruction with a four-strand hamstring
autograft.32 But all of our patients were males and we did
not come across a single female patient with isolated ACL
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tear during the three years of our study
With the rehabilitation protocol used in our study, the
majority of patients returned to a high functional status
after 6weeks. No motion deficits or clinically important
knee pain was noted at the follow-up examination. Other
authors have reported success with similar rehabilitation
protocols following anterior cruciate reconstruction.33-36
The use of protected weight-bearing for three weeks
following surgery did not significantly affect the findings
on physical examination. Therefore, we now allow full
weight-bearing with the knee in terminal extension in a
brace in the immediate postoperative period and employ
immediate passive ROM following the reconstruction.

Conclusion
The incidence of ACL tear in our entirely male population
needs a mega analysis to determine gender bias as the
size of our study population was too small to be
generalised. The study and our growing experience of
ACL reconstruction by quadrupled hamstring graft clearly
indicates that STG autograft eliminates symptomatic
anterior tibial subluxation due to torn ACL. Lachman test,
pivot shift test all proved marked improvement in stability
and a ROM comparable to that of the normal unaffected
knee.
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