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ABSTRACT

Introduction: Tibial spine avulsion fractures are rare intra-articular injuries that need anatomic reduction and secure
repair to restore anterior cruciate ligament function and stability of the knee. In the present study, we evaluated the
functional and radiological outcomes of the two fixation procedures. Methods: We did a prospective comparative
analysis of 40 patients with Meyers and McKeever Type II, Type IIl and reducible Type IV tibial spine avulsion fractures.
Twenty patients had open reduction with cannulated screw fixation (Group A) and twenty patients underwent
arthroscopic reduction with high strength suture fixation (Group B). The patients were monitored for 6 months.
Functional results were examined using the Lysholm Knee assessment and the subjective assessment of the
International Knee Documentation Committee (IKDC). Results: Baseline demographics and fracture characteristics
were comparable between the groups. Both procedures produced 100% radiological union and good stability of the
knee.The arthroscopic group had significantly higher Lysholm (95.65 + 3.18 vs.90.35 + 4.92;p<0.001) and IKDC (93.40 £
4.12vs.87.80 + 5.84;p<0.001) scores at six months. Arthroscopic fixation was associated with earlier restoration of knee
motion, quicker rehabilitation and fewer problems linked to the implant. Conclusion: Both fixation techniques resulted
in excellent fracture healing and restoration of knee stability. However, arthroscopic suture fixation yielded better
functional results, earlier return of knee motion and fewer postoperative complications.

INTRODUCTION

Tibial spine avulsion fractures, also known as tibial eminence
fractures, are rare intra-articular injuries in which the anterior
cruciate ligament (ACL) is avulsed from its tibial insertion
rather than ruptured. These fractures are most common in
children and adolescents because the incompletely ossified
tibial eminence is biomechanically weaker than the ACL;
nonetheless, they are increasingly identified in adults following
high-energy trauma and sports-related injuries.[1-3]

The mechanism of damage is generally a forceful hyperex-
tension of the knee with an associated rotational or valgus
load leading to avulsion of the ACL insertion. In skeletally im-
mature patients the more weaker tibial eminence gives way
before the ligament. In adulthood these injuries are typically
seen following road traffic accidents or high impact sports .
Associated meniscal tears, chondral injuries and collateral
ligament injuries are common and may influence both thera-
py and prognosis.[3,4] Patients frequently appear with acute
knee discomfort, edema, hemarthrosis, difficulty to bear
weight, and limited range of motion. On examination there is
commonly a knee effusion, discomfort around the tibial emi-
nence, limited movement and different degrees of anterior
instability. Standard anteroposterior and lateral radiographs
establish the diagnosis in most patients. Magnetic resonance
imaging (MRI) is useful to identify concomitant soft tissue inju-
ry and to plan surgery.[4,5]

The most common classification system for tibial spine avul-
sion fractures was described by Meyers and McKeever and
subsequently modified by Zaricznyj. Type I fractures are non-
displaced and are typically treated conservatively, whereas
displaced Type II fractures that are unable to be reduced by
closed methods and all Type III and Type IV fractures typi-
cally require operative fixation for restoration of knee stabi-
lity and ACL function.[1,6] The primary aims of treatment are
anatomic reduction of the avulsed fragment, restoration of
anterior cruciate ligament (ACL) tension, stable fixation, early
mobilization, and prevention of complications like residual
instability, arthrofibrosis, extension deficit, nonunion and
early degenerative osteoarthritis. Several fixation methods
have been documented including cannulated screw fixation,
pull-out sutures, suture anchors, bioabsorbable implants and
high-strength suture constructs.[7,8]
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Openreduction and fixation with cannulated screws has been
the traditional surgical method for many years because to the
rigid fixation, direct view of the fracture, and excellent comp-
ression of big fragments. However, screw fixation may be
associated with implant prominence, hardware irritation, mi-
nor fracture fragment fragmentation, impingement and the
necessity for secondary implant removal.[9,10] Arthroscopic
suture fixation has garnered popularity with the advent of
arthroscopic surgery because of its less invasive nature,
preservation of soft tissue integrity, concurrent treatment of
associated intra-articular injuries, and stable fixation even in
comminuted fractures. High-strength suture fixation is equi-
valent or superior than screw fixation without issues connec-
ted to implants, according to biomechanical studies.[11,12]
Several comparative clinical investigations have shown
acceptable functional results with both approaches. Seon et
al. observed satisfactory fracture union and restoration of
knee stability with both screw and suture fixation, but greater
postoperative range of motion and fewer problems with arth-
roscopic fixation.[10] Similarly, Gans et al. concluded in a
systematic study that both methods provide excellent clinical
outcomes, while arthroscopic suture fixation lowers the req-
uirement for secondary surgery for implant removal.[13] Mo-
re recent systematic reviews and meta-analyses have further
established that arthroscopic fixation leads to comparable
fracture healing and knee stability with better postoperative
functional scores, quicker rehabilitation,and reduced compli-
cationrates when compared with screw fixation.[14,15]

The available information supports both the fixing appro-
aches although majority of the published studies are from the
Western countries and comparison data from the Indian
population are scanty. Regional variations in patient popu-
lation, mechanisms of damage, surgical expertise and rehabi-
litation procedures demand region-specific investigations.
Therefore, the present prospective comparative study was
undertaken to compare the functional outcome, radiological
union, stability of the knee, range of motion and postoperative
complications following open reduction with screw fixation
and arthroscopic suture fixation in patients with displaced
tibial spine avulsion fractures.

Hence, the present prospective comparative study was
conducted to evaluate and compare the functional outcome,
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radiological healing, knee stability, postoperative range of
motion and complications after open reduction with screw
fixation and arthroscopic suture fixation in patients with dis-
placed tibial spine avulsion fractures. The results are likely to
add to evidence-based surgical management and help ortho-
pedic surgeons choose the best fixation approach for each
patient's characteristics.

METHODOLOGY

This prospective comparison study was undertaken in the
Department of Orthopaedics at a tertiary care teaching hos-
pital after receiving consent from Institutional Ethics Com-
mittee. All individuals provided written informed consent
prior to enrolment. From January 2023 to June 2025, the patie-
nts presenting with tibial spine avulsion fractures were scre-
ened for the eligibility.

A total of forty patients with Meyers and McKeever Type II,
Type III, or reducible Type IV tibial spine avulsion fractures
were included in the study. Patients were equally divided into
two groups according to the surgical approach used. Twenty
patients received open reduction and internal fixation with
cannulated cancellous screws and they were included in
group A. Twenty patients in Group B underwent arthroscopic
reduction and high strength nonabsorbable suture fixation.

Eligible patients were between 15 and 50 years of age and
had acute closed tibial spine avulsion fractures presenting
within three weeks of injury. The exclusion criteria were open
fracture, previous ligamentous injury around the knee, patho-
logic fracture, concomitant neurovascular injury, severe os-
teoarthritis, and polytrauma that would preclude rehabili-
tation.

Preoperative assessment comprised thorough history, mech-
anism of injury, clinical examination, radiographs in antero-
posterior and lateral views, and magnetic resonance imaging
(MRI) of the affected knee to characterize the fracture mor-
phology, and to identify related meniscal or ligamentous inju-
ries

The Group A patients had open reduction by restricted ante-
rior arthrotomy. Following evacuation of the hematoma and
excision of intervening soft tissues, the avulsed fragment was
anatomically decreased under direct vision. Kirschner wires
were used for temporary fixation and one or two cannulated
cancellous screws with washers were used for definitive fixa-
tion if needed. Fluoroscopy was used to confirm anatomical
reduction and location of the implant before wound closure.

Standard arthroscopic reduction was performed in Group B
through anteromedial and anterolateral portals. Arthroscopic
debridement of hematoma and fibrous tissue: The fracture
fragment was reduced under direct observation. High-stren-
gth nonabsorbable sutures were passed through the ACL
material using a suture-passing device. Sutures were shuttled
through tibial tunnels and fastened over a cortical button on
the anteromedial tibial cortex for firm fixation. Associated
intraarticular lesions such as meniscal rips or cartilage
damage were repaired concomitantly where necessary.

All patients followed the same rehabilitation protocol posto-
peratively. On the first post-operative day a hinged knee bra-
ce was worn and quadriceps strengthening activities were
begun.Partial weight bearing with crutches was allowed after
two weeks, advancing to complete weight bearing with radio-
graphicindications of fracture healing.

Patients were followed at two weeks, six weeks, three months
and six months after operation. Clinical evaluation was done
by wound assessment, discomfort, range of motion and com-
plications at each follow-up. Functional results were mea-
sured using the Lysholm Knee Score and the IKDC subjective
knee evaluation form. Serial anteroposterior and lateral
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radiographs of the knee were used for radiological assess-
ment of fracture union and maintenance of reduction.

Data were entered using Microsoft Excel and analysed in SPSS
version 26.0. Continuous variables were given as mean *
standard deviation and categorical variables as frequencies
and percentages. Continuous variables were compared acr-
oss groups by the independent Student's t-test and within
each group by the paired t-test. Categorical variables were
compared using Chi-square test or Fisher's exact test. A p-
value of <0.05 was judged statistically significant.

RESULTS

The study comprised forty patients with displaced tibial spi-
ne avulsion fractures. Twenty patients were treated with open
reduction and screw fixation (Group A) and twenty patients
with arthroscopic suture fixation (Group B). All patients com-
pleted the scheduled follow-up at 2 weeks, 6 weeks, 3 months
and 6 months.

Table 1 shows the demographic and clinical baseline charac-
teristics of the study cohort. The mean age was 24.9 * 6.3
years in Group A and 23.8 * 5.8 years in Group B (p=0.58).
Males predominated in both groups and the most common
mechanism of injury was sports related. form III fractures
were the most common form of fracture in both groups. There
were no significant differences between the groups regar-
ding age, gender distribution, side of injury, mode of injury, or
fracture type (p>0.05), indicating equivalent baseline charac-
teristics.

Comparison of Lysholm Knee Scores during follow up. Both
groups improved progressively following surgery. There was
no significant difference at two weeks (p=0.081), however the
arthroscopic suture fixation group had significantly higher Lys-
holm ratings at 6 weeks, 3 months and 6 months. At the final
follow-up, the mean Lysholm score was 95.65 * 3.18 in Group B
against 90.35 * 4.92 in Group A (p<0.001), suggesting a greater
functional recovery with arthroscopic fixation. (Table 2)

Table 3 shows the comparison of IKDC Subjective Knee Eval-
uation Scores. Both groups showed similar gains, however the
arthroscopic group had considerably higher IKDC ratings from
six weeks forward. The mean IKDC score was 93.40 £ 4.12 in
Group Band 87.80 + 5.84 in Group A at sixmonths (p<0.001).

The surgical complications observed during follow-up are
sho-wn in Figure 1. Further complications were noted in the
screw fixation group including increased implant promi-
nence, secondary implant removal and postoperative knee
stiffness. The arthroscopic group had fewer consequences,
including isolated transitory knee stiffness and superficial
wound issues.

All patients were radiologically united at 6 months. There we-
re no delayed unions, non-unions, implant failures or loss of
reduction.Range of motion and stability of the knee increased
gradually in all groups; but patients treated with arthroscopic
suture fixation showed early return of knee motion, rapid
rehabilitation, and greater total functional recovery. At the last
follow-up most of the patients had stable knees with negative
Lachman and anterior drawer tests and few had clinically
minor Grade I residual laxity. Both methods showed excellent
clinical and radiological results in general, with arthroscopic
suture fixation showing better functional results and less
postoperative problems.

Table 1. Baseline Demographic and Clinical Characte-
ristics of the Study Population

Variable|Group A (Open|Group B (Arthro-|p-
Screw) (n=20) |scopic Suture) |value
(n=20)
Mean age (years)|24.9 £ 6.3 23.8*+5.8 0.58
Gender |Male 14 (70%) 13 (65%) 0.74
Female |6 (30%) 7 (35%)
{ www.worldwidejournals.com |-
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Side Right knee 12 (60%)|11 (85%)|0.75
Left knee 8 (40%) |9 (45%)
Etiology Sports injury 11 (65%)|12 (60%)|0.74
Road traffic accident |7 (35%) |6 (30%)
Fall from height 2 (10%) |2 (10%)
Type of Meyers Type I 5 (25%) |4 (20%) |0.88
Fracture Meyers Type III 12 (60%)| 13 (65%)
Meyers Type IV 3 (15%) |3 (15%)
Table 2. Comparison of Lysholm Knee Score During
Follow-up
Follow-up|Group A Mean * SD|Group B Mean * SD|p-value
2 Weeks |48.25 £ 5.84 51.40 £ 5.26 0.081
6 Weeks |65.80 £6.12 71.35 +5.48 0.006*
3 Months [81.55 + 5.37 87.70 £ 4.82 <0.001%*
6 Months |90.35 * 4.92 95.65 £ 3.18 <0.001*

*Student's t-test; p < 0.05 considered statistically significant.

Table 3. Comparison of IKDC Subjective Knee Evaluation
Score During Follow-up

Follow-up|Group A Mean * SD|Group B Mean * SD|p-value
2 Weeks [46.90 + 6.41 49.15 £ 5.98 0.246

6 Weeks [62.75 + 6.08 68.45 £ 5.62 0.004*
3 Months |78.90 + 5.69 85.10 £ 4.93 <0.001%
6 Months [87.80 + 5.84 93.40 + 4.12 <0.001*

*Student's t-test; p < 0.05 considered statistically significant.
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Fig 1:- Postoperative Complications

DISCUSSION

This prospective comparative study assessed the functional
effects of open reduction with cannulated screw fixation and
arthroscopic suture repair in displaced tibial spine avulsion
fractures. Both methods led to full fracture union and accep-
table stability of the knee, however arthroscopic suture fixa-
tion yielded considerably greater functional recovery, faster
knee motion and fewer postoperative problems.These results
imply that both fixation techniques are effective, and arthro-
scopic fixation provides better short-term clinical outcomes.

The bulk of the patients were young males and the most com-
mon mechanism of injury was sports-related trauma, followed
by road traffic accidents. Similar demographic features have
also been described by Aderinto and Keating where tibial
spine avulsion fractures are seen mostly in young energetic
individuals involved in sports or high energy activities.[16]
Gans et al. also found that displaced tibial spine fractures are
common in adolescents and young adults and usually require
surgical treatment to restore knee stability and function.[17]
In our analysis, type III fractures accounted for the bulk of the
injuries. Edmonds et al. reported that displaced Type III frac-
tures were the most common injuries that required sur-gical
treatment, while Bogunovic et al. noted that fracture displace-
ment is the main indication for operative fixation, beca-use
conservative management of displaced fractures may lead to
residual instability and poor functional results.[18,19]

Radiological union was established in all patients by six
|

months. There were no occurrences of delayed union, non-
union, implant failure or loss of reduction. Similar union rates
were reported by Edmonds et al. who saw satisfactory fracture
healing following both arthroscopic and open fixation if ana-
tomical reduction was achieved. [19] Jaseel et al. also deter-
mined that correct reduction and stable fixation are more im-
portant factors of successful union than the choice of fixation
device.[20]

The functional examination demonstrated steady improve-
ment in both groups, although patients treated with arthrosco-
pic suture fixation attained significantly better Lysholm and
IKDC scores at six months. Similar results were also reported
by Seon et al., and better functional outcomes were revealed
in arthroscopic fixation with comparable fracture union and
knee stability.[21] Gans et al. have reported that arthroscopic
fixation leads to good clinical outcomes and fewer secondary
procedures compared with screw fixation.[17]

The biomechanical advantage of suture fixation may be res-
ponsible for the higher functional results in the arthroscopic
group. Bong et al. showed that high strength sutures give
fixation strength equivalent to screw fixation with less chance
of fragment fragmentation.[22] Mahar et al further demon-
strated that suture constructions are more resistant to cyclic
loading, providing permanent fixation even in small or
comminuted fragments.[23] These biomechanical properties
allow early recovery without affecting fracture stability.

Patients treated arthroscopically also had earlier recovery of
knee range of motion than screw fixation. Postoperative arth-
rofibrosis has been reported by Vander Have et al. as an
important consequence after fixation of tibial spine fractures
and stressed the importance of early rehabilitation to reduce
stiffness.[24] Patel et al. also showed that early mobilization
following stable fixation improved postoperative knee motion
and functional recovery without an increased risk of fixation
failure.[25]

The rate of postoperative complications was lower in the arth-
roscopic group. Screw fixation was related with greater cases
of implant prominence, postoperative stiffness and subse-
quent implant removal, while arthroscopy fixation resulted in
only minimal transitory problems. Similar findings were repo-
rted by Bogunovic et al. and Jassel et al. who concluded that
arthroscopic suture fixation provides excellent fracture heali-
ng and knee stability with little problems associated to the
implant.[19, 20]

Screw fixation is still a reliable method for large non-commi-
nuted fracture fragments, but arthroscopic suture fixation has
several advantages: minimal soft tissue disruption, preser-
vation of the vascularity of the fragment, treatment of asso-
ciated intra-articular injuries, and elimination of implant-rela-
ted morbidity. These benefits translate into earlier rehabi-
litation, better patient satisfaction and reduced need for addi-
tional surgery.

Strengths of the present study include prospective design,
standardized rehabilitation program, thorough follow-up, and
use of validated functional outcome measures. However,
important limitations are the relatively small sample size,
single-centre setting and 6-month follow-up. Larger, multi-
center trials with extended follow-up are needed to assess
long-term knee stability, return to sport and development of
post traumatic osteoarthritis.

CONCLUSION

Both fixation methods result in excellent fracture union and
restoration of knee stability. But arthroscopic suture fixation
yielded better functional outcomes, faster recovery of knee
motion, fewer implant-related problems, and more patient
satisfaction. The results suggest the use of arthroscopic suture
repair as the optimum surgical technique for displaced tibial
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spine avulsion fractures when competence and arthroscopic
resources are available.
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