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Abstract
Intraoperative injury to the medial collateral ligament (MCL) during total knee arthroplasty (TKA) is a rare but severe complication. The
main treatment methods are primary repair and revision with a more constrained implant; however, the clinical outcomes of primary
reconstruction without a constrained implant have rarely been reported.
A retrospective study was performed to evaluate the prevalence of iatrogenic injury to the MCL during primary TKA, and to report

the clinical outcomes of MCL reconstruction without the use of a constrained device.
A total of 1749 patients (2054 knees) underwent primary TKA between 2007 and 2013 and were retrospectively

evaluated. Seventeen patients (0.83%) experienced anMCL injury intraoperatively, and the remaining 1732 patients (2037 knees)
were considered as the controls. We attempted to reconstruct the MCL with an unconstrained prosthesis in all
patients. The Knee Society Score (KSS) was used to evaluate knee function after an average 51-month follow-up (range,
36–72 months).
No patients were lost during the follow-up period. In the MCL injury group, the mean KSS was 84.7 for function and 87.7 for pain,

while the scores were 87.9 and 90.6, respectively, in the control group. No patient treated with MCL reconstruction without increased
prosthetic constraint experienced knee instability requiring revision.
MCL reconstruction without a constrained implant achieved excellent results for MCL injury during TKA.
Level of Evidence: Level IV, therapeutic study.

Abbreviations: KSS = Knee Society Score, MCL = medial collateral ligament, TKA = total knee arthroplasty.
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1. Introduction

Medial collateral ligament (MCL) injury is one of the most severe
complications associated with postoperative function after total
knee arthroplasty (TKA), although it reportedly only occurs in
0.77% to 2.7% of cases.[1–3] The integrity of the MCL is crucial
for the proper function and longevity of nonconstrained
TKA.[4–8] Loss of the MCL leads to instability and is the most
common cause of short-term failure of TKA.[9] Therefore,
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surgical treatment ofMCL injury may be necessary to prevent the
pathologic changes associated with chronic medial knee
instability.
The choice of operation types to repair MCL injury include

primary repair, augmentation, or use of a constrained knee
prosthesis.[1,10,11] Some authors have reported successful treat-
ment of intraoperative MCL injury by direct repair, augmenta-
tion, and the use of nonconstrained prostheses and/or thicker
polyethylene inserts,[1,11,12] while others have advocated the use
of constrained arthroplasty components without primary soft
tissue repair or reconstruction.[13,14] However, constrained
arthroplasty application could decrease the life of the prosthe-
sis,[15] and a more constrained knee prosthesis would cause bone
loss and make revision difficult. The treatment choices of
nonconstrained prostheses and direct repair, augmentation, or
thicker polyethylene inserts fail to restore the ligament tension
and therefore affect the recovery of postoperative function,
leading to a lower Knee Society Score (KSS) and a higher revision
surgery rate.[3,15–17] The most likely explanation for this is the
low healing potential of the MCL when its mid-substance is
disrupted, which would not restore ligament strain.
In our clinical practice, double-bundle autograft MCL

ligament reconstruction is used to restore the function of the
MCL and is not affected by the MCL healing ability. This also
avoids using constrained components and would not cause bone
loss or revision difficulty. The purpose of the present study was to
retrospectively evaluate the prevalence of iatrogenic MCL injury
in primary TKA and determine the clinical outcomes of primary
double-bundle MCL reconstruction with the semitendinosus
ligament without the use of constrained components.
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Figure 1. The etiology of MCL disruption was transection (as indicated by the
arrows).
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2. Methods

Institutional Review Board approval was obtained before study
commencement. The records from 1749 patients (2054 knees)
diagnosed with global arthrosis of the knee were retrospectively
reviewed; these patients underwent TKAwith a Link Gemini MK
II (cruciate-retaining implant) from 2007 to 2013. Of these 2054
knees, 17 (0.83%) experienced an intraoperative iatrogenicMCL
injury. Patients with severe valgus deformity (>30°), precedent
injury of the MCL, previous knee surgery, or insufficient
preoperative data were excluded. Preoperatively, no patient
had any knee laxity or instability in the coronal plane detected
during clinical examination.
Demographic and clinical data were collected preoperatively,

including age, height,weight, bodymass index, andKSS.Therewere
4 males and 13 females, with an average age of 63 years (range,
55–72 years) and an average bodymass index of 34.4kg/m2 (range,
29.1–50.7kg/m2). The preoperative diagnosis was osteoarthritis in
15 patients, and inflammatory arthritis in 2 patients. The minimum
follow-up was 36 months (average, 51 months; range, 36–72
months). Postoperative follow-up included imaging diagnosis in
every case. No patients were lost to follow-up, but 1 patient died
owing to cardiac disease. No patients were recalled specifically for
this study; all data were obtained from the medical records.
All surgeries were performed by 1 surgeon (F.W.). A standard

medial parapatellar approachwasused, and a standardmedial soft
tissue release was performed with a curved osteotome to avoid
disrupting the insertion of the MCL on the tibia. The pes anserine
tendons were not released. The etiology of MCL disruption was
transection in 12 cases, and avulsion of the MCL from the formal
metaphysis in 5 cases. Each MCL injury was confirmed by the
senior surgeonby exposure and direct visualization of the ligament
mid-substance or insertion (Fig. 1).Once trial implants established
that the reconstruction could obtain good opposition with
appropriate tension, the femoral, tibial, and final polyethylene
components were implanted.

2.1. Surgery

For the implants, all femoral cuts were made using intra-
medullary femoral instrumentation and tibial cuts were made
using extramedullary tibial instrumentation, with as little bone
resection as possible. The Whiteside line and the biepicondylar
line were used as femoral references. The flexion and extension
gaps were then checked. The tibial cut was made with a slope of
5° to 7°, using the 2mm guide on the affected side. The same
cruciate-retaining implant (LINK, Hamburg, Germany, Gemini
MK II) was used for all patients.

2.2. Harvesting of the semitendinosus tendon

The semitendinosus tendon was harvested by extending the
existing skin incision utilized in the primary TKA by a couple of
centimeters. Dissection was made down medially to the sartorius
muscle fascia. The fascia was then incised longitudinally along
the hamstring fibers between the gracilis and the semitendinosus
tendons. As they usually adhere to the fascia, the tendons were
carefully isolated to avoid damaging the fascia. The length and
diameter of both single and double strands were then measured.

2.3. Ligament reconstruction: tibial and femoral tunnel
preparation

The superficial MCL femoral attachment is located approxi-
mately 1cm anterior and distal to the adductor tubercle, and
2

consists of anterior vertical and oblique posterior bundles that
coalesce with the anterior tibia approximately 4.5cm distal to
the medial joint line.[18] Care was taken to protect the
infrapatellar branch of the saphenous nerve. The soft spot
between the anteromedial and posteromedial parts of the knee
was peeled off to expose the proximal tibia. The anterior tibial
insertion was taken to be located 1.5cm lateral from the medial
tibial edge and 4.5cm distal to the tibia plateau; the posterior
tibial insertion was located 2.0cm distal to the tibial plateau. A
2.0-mm Steinmann pin was drilled from the site of the anterior
bundle to the site of the posterior bundle, and the tibial tunnel
was then drilled with the guide pin according to the measured
diameter of the single-strand autograft (4.5–5mm). The
femoral insertion of the MCL was positioned at the medial
femoral epicondyle. An isometric test was done to observe the
rotatory center of the knee. A guide pin was then drilled into
the rotatory center, which was parallel with the joint line along
the epicondylar axis and into the lateral femoral condyle; a
femoral tunnel 2.5 to 3cm in depth was then drilled with the
guide pin according to the measured diameter of the double-
strand autograft (7–8mm) (Fig. 2).

2.4. Graft passage and fixation

One free end of the allograft was passed through the tibial tunnel
(Fig. 3A,B), and the 2 free ends were then pulled into the femoral
tunnel under the fascia and the saphenous nerve. The length of
the allograft was measured before the redundant graft was cut
off. The 2 free ends were 2.5cm longer than the distance from the



Figure 2. (A) The tibial anterior bundle insertion of MCL was selected at the
place that 1.5cm lateral from the medial tibial edge and 4.5cm below the tibia
plateau. (B) The tibial posterior bundle insertion is selected at 1.5mm lateral of
the medial tibia edge and 2.0cm below the tibia plateau. (C) The femoral
insertion MCL at the medial femoral epicondyle.

Figure 3. Two free ends of the allograft (red arrow)
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tibial tunnel to the femoral tunnel. The free ends were sutured at
2.5cm and were then passed into the femoral tunnel with a pull-
through technique and fixed with a bio-interference screw (the
same size as the femoral tunnel) (Fig. 4). The screw was tightened
with the knee at 30° of flexion with varus stress and neutral
rotation. The 2 tibial bundles of the graft were sutured into the
soft tissue with PDSII (polydioxanone) synthetic absorbable
suture (Fig. 5A,B).

2.5. Rehabilitation protocol and follow-up

Postoperatively, a hinged knee brace was used to protect the
MCL reconstruction. During the first 3 weeks, 50% bodyweight-
bearing was permitted, and the knee was protected with a long-
hinged knee brace allowing 30° to 90° of motion. From 3 to 6
weeks, the patients were instructed to perform active range of
motion exercises at least twice a day, and weight-bearing was
permitted within the limits of each patient’s tolerance. The brace
was continued for 6 weeks, until the knee demonstrated stability
under passive valgus stress.
The followed-up time points were 2 weeks, 4 weeks, 12 weeks,

1 year, and 2 years. All patients completed the KSS and
radiographs evaluation. For consistency, all the radiographs were
evaluated by the same surgeon. According to the study by Lee and
Lotke,[2] we obtained pain scores on the basis of evaluation of
pain, range of motion, and knee stability. Functional scores were
obtained by evaluating the walking distance, the ability to go up
and downstairs, and whether gaitaides were required for
ambulation. No patient underwent revision. The minimum
clinical and radiographic follow-up period was 36 months
(average, 51 months; range, 36–72 months). Radiographs were
reviewed by the author (F.W.) to detect any loosening or
radiographic changes.
were then passed through the tibial tunnel (A,B).
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Figure 4. The free ends were sutured at 2.5cm, and were then passed into the
femoral tunnel.

Table 1

Comparison of demographic and clinical variables for patients and
controls.

MCL injury (N=17) Controls (N=1732) P

Female n (%) 13 (17) 1445 (1732) .44
BMI, kg/m2 34.4±4.5 34.6±4.5 .84
Age, y 63.0±4.2 60.7±7.4 .20
RA/OA 2/15 122/1610 .11

BMI=body mass index, MCL=medial collateral ligament, OA= osteoarthritis, RA= rheumatoid
arthritis.
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In the same period, we obtained the clinical scores of patients
who underwent primary TKA but did not have iatrogenic MCL
disruption (1732 knees). By comparing the KSS and the clinical
Figure 5. A lateral view of the knee model. (A) A front view of the knee model. (B)
opposition with appropriate tension, the femoral, tibial, and final polyethylene com
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scores, we found that the KSS were normally distributed. For
ensuring relative homogeneity of variance, we also performed a
Levene test. The Student t testwasused to compare theKSS forpain
and function of patients withMCL injurymanagedwith autograft
ligament reconstruction with those of the control group.
3. Results

In our series of 2054 TKAs, 17 knees (0.83%) experienced
intraoperative MCL disruption. There were no significant
differences in demographic and comorbidity data of the patients
with MCL injury versus control patients (Table 1).
A review of the operative reports confirmed that the MCL

injury was mid-substance transection in 12 knees and avulsion of
the femur in 5 knees. All 12 cases with a mid-substance MCL
injury resulted from direct injury from either the oscillating saw
blade while performing the tibial cut or one of the sharp
instruments used to lift the medial subperiosteum. Fixed bearing
TKA with a cemented, fixed, cruciate-retaining implant was
performed in all patients.
No patients were lost to follow-up, and no patient experienced

postoperative knee instability. Physical examinations found that
Once trial implants were established that the reconstruction could obtain good
ponents were implanted.



Table 2

Clinical results after intraoperative medial collateral ligament
(MCL) injury.

Clinical
outcome

Study group MCL
injury (n=17)

Control group No MCL
injury (n=1732) P

KS pain 87.7±6.2 90.6±6.9 .08
KS function 84.7±5.9 87.9±7.6 .08

KS=Knee Society, MCL=Medial collateral ligament.
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no patient had laxity in the coronal plane in either 30° of flexion
or full extension. All patients were able to walk without an
assisting device at the time of the last follow-up, and none
underwent revision arthroplasty.
For the 17 patients with MCL injury, the average KSS for pain

and function was 87.7 and 84.7 points, respectively. Both of these
scores were lower than the average pain and function scores of
90.6 and 87.9 points, respectively, for the 2037 control knees that
did not obtainMCL injury during primary TKA (P= .08 for pain,
and P= .08 for function) (Table 2).
4. Discussion

Multiple studies have demonstrated that the MCL is the primary
medial stabilizer of the knee resisting valgus loading, the
secondary stabilizer against excessive external tibial rotation,
and is also essential for providing stability during valgus stress
and external rotation stress after TKA.[19–22] Because of the rarity
of MCL injury during TKA, this complication is often
unrecognized and rarely discussed. The current literature reports
MCL rupture rates of 0.77% to 2.7% [15–17]; therefore, the MCL
rupture rate in 2054 knees that underwent TKA in our institution
in a 6-year period was relatively low (0.83%).
Failure to repairMCL injury or to change the type of prosthesis

to a more constrained design results in marked risks of knee
instability, asymmetric accelerated polyethylene wear, and
extremely early loosening.[6,23] Therefore, the method chosen
to treat MCL injury markedly affects the outcome. However, the
most appropriate method is still debatable; some recent studies
have used constrained designs with good results, while some opt
for augmentation or primary implants with repairs.[1,6,7,12,24–26]

Although the easiest way to treat iatrogenic MCL injury during
TKA is to place a revision implant, this may not be the best option
for relatively young active patients, as it results in larger bone cuts
to accommodate the implants size. We consider that more
constrained designs decrease implant longevity and wear.[23]

Although several studies have reported successful treatment of
iatrogenic disruptions of the MCL without using a constrained
implant by either repair or augmentation with a thicker
polyethylene insert,[1,11,12] it has also been confirmed that
conservative management of MCL injuries may result in high
rates of instability, which then requires revision surgery.[3,15]

Major difficulties owing to MCL disruptions include failure of
primary repair or the requirement for conservative treatment in
the segment of theMCL to the rim of the joint. In particular, there
will be a lower healing potential when the mid-substance ofMCL
is disrupted. Furthermore, the taller tibial polyethylene may
potentially fracture owing to the additional stresses placed on it,
be an additional source of polyethylene wear, require release of
the lateral compartment, and raise the joint rim, leading to
kinematic imbalance and postoperative pain.
A previous study found that the use of increased constraint

when MCL injury is recognized frequently leads to satisfactory
5

clinical outcomes, with KSS similar to patients undergoing
primary TKA.[15] There are also some reports that patients with
MCL repair achieved a KSS of over 90; for example, Leopold
et al[1] reported an average KSS of 93 for 16 knees treated with
posterior cruciate-sparing prosthesis and repair. Increasing the
thickness of the polyethylene alone reportedly achieved an
average KSS of 91.[12] We found that patients with iatrogenic
MCL injuries had similar mean pain and function KSSs compared
with patients without MCL injuries treated with primary TKA.
This indicates that reconstruction of the injuredMCL and a more
restrained rehabilitation program will result in the same good
functional results achieved by those undergoing primary TKA
without MCL injury.
We think that reconstructing the MCL and retaining the

thickness of the polyethylene is the best way to treat
intraoperative MCL rupture. Adravanti et al [27] described a
surgical approach to restore knee joint stability in MCL
deficiency via a reconstructive technique using the semite-
ndinosus tendon to reconstruct the vertical fibers of the
superficial MCL. However, the superficial MCL femoral
attachment is approximately 1cm anterior and distal to the
adductor tubercle, and consists of anterior vertical and oblique
posterior bundles that coalesce with the anterior tibia approxi-
mately 4.5cm distal to the medial joint line.[28] Hence, we adopt
the method of double-bundle MCL reconstruction. We favor
using a posterior cruciate-sparing implant in routine primary
TKA. As described in the previous studies, the posterior cruciate
ligament is the secondary functional stabilized structure for
valgus stress in the coronal plane. We considered that the high
proportion of posterior cruciate-sparing implants in our study
may have a positive effect on the results.[29,30]

Our point of view differs from some previous studies. In our
opinion, an autograft ligament reconstruction is a better choice
than a more constrained implant or a primary repair. While the
use of an autograft increases the cost of the procedure, it is likely
to be less expensive than the use of more constrained implants or
an allograft. Autograft MCL reconstruction requires 1 interfer-
ence screw, which costs 1000 USD; in contrast, an allograft
ligament reconstruction will result in greater expenses (2000
USD), and use of a constrained prosthesis will result in greater
expenses and less chance of rebuilding. Although the use of an
autograft is better than other methods, it may increase the
operation time, and at least in theory, lead to periprosthetic
fracture at the femoral condyle because of the autograft fixation.
In addition, the long-term risks need to be evaluated by the
further studies. However, no fractures occurred in our study.
The purpose of this study was to verify whether good to

excellent KSS could be obtained by reconstructing the MCL and
using an unconstrained implant. Excellent results were achieved
with primary reconstruction alone. The present study had some
inevitable limitations. The sample size was small owing to the
rarity of the complication being studied. However, our sample
size is in accordance with similar reports in the literature.
Different subtypes of MCL injuries were not analyzed separately
owing to the small sample size. Another limitation is the relatively
short minimum follow-up period of 36 months, which may not
account for failures occurring after this period and may thus have
underestimated the failure rate of this technique. Furthermore,
there was no precise objective technique used to measure joint
stability; to our knowledge, there has been no established normal
range of coronal plane stability to allow for an objective
measurement. Physical examination with the knee in full
extension and in 30° of flexion indicated that the knee stability
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of patients in the present series appeared similar to that of other
patients who underwent primary TKA without MCL injury.
5. Conclusion

Direct reconstruction of the superficial MCL and postoperative
protocol alterations without the use of constrained implants can
provide a stable reconstruction with goodmedium-term results in
selected patients. In our small series of 17 MCL disruptions
during TKA, primary reconstruction yielded good medium-term
results. Larger, more generalizable studies are needed to
determine whether patients will continue to do well with this
technique.
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