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Anterior Lip Displacement Is Associated
with Unplanned Return to Operating Room
After Operative Management of Tibial

Spine Fractures

Introduction

Tibial spine fractures (TSFs) are bony
avulsion at the insertion of the anterior
cruciate ligament (ACL) onto the tibia. TSFs
are a relatively rare injury, most common in
male pediatric patients between the ages of
10-14 years old'. Open reduction and internal
fixation (ORIF) or arthroscopic reduction and
internal fixation (ARIF) with screws or sutures
has been well described in the literaturel.
Low complication rates for operative treatment
of TSFs have been reported in the pediatric
population'~.

Previous work has shown the most common
complication is arthrofibrosis, which is more
common in younger patients and those with
concomitant ACL tears or traumatic injuriesl.
While operative reduction is necessary based
on the degree of displacement?, residual
anterjor lip displacement (ALD) has been
shown to be wunrelated to postoperative
knee stability and range of motion*. Current
literature is devoid of studies examining the
effect of residual anterior lip displacement on
unplanned return to the operating room (UP-
ROR). Therefore, the current study seeks to
examine if residual displacement is associated
with UP-ROR after operative treatment of
TSFs in the pediatric population.

Methods

We performed a retrospective review
of pediatric patients (<19 years) treated
operatively for TSFs at a single large pediatric
hospital between 2000 and 2024 with a
minimum clinical follow-up of 3 months.
Patients with inadequate follow-up or
documentation were excluded. Demographics,
injury mechanisms, radiographic factors
including anterior lip displacement (ALD),
concomitant conditions, operative details,
and UP-ROR details were collected. Residual

displacement was calculated at the first
post-operative  (4-6 weeks) radiograph.
Radiographic classifications included the

Modified Meyers & McKeever, and an MRI-
based classification system: nondisplaced or
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minimally displaced (grade 1: < 2mm ALD),
(grade 2: >2mm ALD and <2mm maximal
posterior displacement), (grade 3: >2mm
ALD and posterior displacement)®. Statistical
analysis was performed using “R version
4.4.3”. For continuous variables, Shapiro

Wilk tests, Mann-Whitney/t-tests were
used depending on normality of variables.
Chi-square and Fisher’s tests were used for
categorical variables. Significance was set at
p<<0.05.

Results

Over the 24-year study period, 198
pediatric patients (61, 31% female) of mean
age 12.6 = 3.1 years were treated operatively
for a TSF. Most TSFs involved substantial
baseline ALD (mean *= SD: 6.6 = 4.2 mm),
were type II (58/198, 29.3%) or III (62/198,
31.3%) in the Modified Myers & McKeever
classification, and grade 2 (81/198, 40.9%) or
grade 3 (84/198, 42.4%) in the MRI-based
classification. The majority of TSFs underwent
ARIF (188/198, 94.9%) with sutures (122/198,
61.6%).

A total of 29 patients (14.6%) had UP-ROR
at an average of 1.5 = 1.7 years following
surgical treatment of TSF. The most common
reasons for UP-ROR included arthrofibrosis
(7.5%, n = 15/198) followed by -cartilage
injury (7.1%, n = 14/198), and ACL injury
(5.1%, 10/198). Reasons for UP-ROR are
detailed in Figure 1.

We found no statistically significant
difference in age, sex, BMI, injury mechanism,
radiographic  classifications, preoperative
ALD, concomitant conditions, reduction,
and fixation type, or initial weightbearing
restriction between patients who did or did
not have UP-ROR (p > 0.05) (Table 1). Post-
operative ALD was significantly positively
related to UP-ROR (mean 3.2 = 3.0 mm vs
1.7 £ 2.2 mm, p = 0.019) (Table 1).

When stratifying UP-ROR patients into
specific reason for UP-ROR: ACL injury,
arthrofibrosis only, and meniscal/cartilage
injury without ACL injury, post-operative ALD

175



176

Table 1. Patient and Injury Factors Relation to Return to
Operating Room Following Tibial Spine Fracture Surgery

SWANSON ET AL.

Return to OR

Yes No P value
(N=29) (N=168)
n (%) or Mean (SD)
Age at Surgery (years) 12.8(2.2) 12.6(3.2) 0.910
Female  11(37.9) 50 (29.8)
Sex 0.509
Male 181(62.1) 118 (70.2)
Body Mass Index 21.3(3.8)  20.5(4.6) 0.288
Yes 13 (44.8) 83 (49.4)
Injury Occurred During Sports 0.799
No 16 (55.2) 85 (60.6)
Type | 113.4) 3(1.8)
Typell 7124.1) 51(30.4)
Meyers and McKeever Classification 0.257
Typelll  6120.7) 56 (33.3)
Type IV 6(20.7) 181(10.7)
Grade 1 1(3.4) 1116.5)
MRI Based Classification Grade2 13(44.8) 68 (40.5)  0.687
Grade3  10(34.5) 74 (44.0)
Yes 11(37.9) 69 (41.1)
Comminution >(.999
No 12(31.4) 70 (41.7)
Yes 113.4) 6 (3.6)
Concomitant ACL Injury >(.999
No 28 (96.6) 162 (96.4)
Yes 11(37.9) 60 (35.7)
Concomitant Meniscus Tear 0.984
No 18(62.1) 108 (64.3)
Pre- 4 (5. 413. Al
Anterior Lip Displacement (X-ray) reOp 8408 BABE 0133
(mm) PostOp 320300 17022 0019
Closed 010.0) 1(0.6)
Reduction >0.999
ARIF 28 (96.6) 160 (95.2)
ORIF 1(3.4) 6(3.6)
Suture  181(62.1) 104 (61.9)
Fixation Type Screw 3(10.3) 24(14.3)  0.513
Hybrid 5(17.2) 17(10.1)
Duration of Initial Weightbearing ~ O'to 4 10 (34.5) 60 (35.7)
Restriction weeks
o4 >0.999
111(37.9) 63 (37.5)
weeks
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Figure 1. Diagram of reasons for unplanned return to operating room (UPROR| following operative
treatment of pediatric tibial spine fractures.

was not associated with reason for UP-ROR (p > 0.05)
(Figure 2). While our sample size was insufficient for
quantitative analyses, a higher rate of complication was
identified above 1.5 mm residual displacement based on
qualitative assessment of residual displacement evaluated
using 0.25 mm increments. (Figure 3).

Discussion

While age and concomitant anterior cruciate ligament
tear have been reported to influence the risk of
postoperative arthrofibrosis! in pediatric TSFs, we found
that neither factor was significantly correlated with overall
UP-ROR in our series of patients. The findings from this
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Figure 2. Post-operative anterior lip displacement (ALD) stratified by reason for unplanned return to
operating room (UPROR) following operative treatment of pediatric tibial spine fracture.

UNIVERSITY OF PENNSYLVANIA ORTHOPAEDIC JOURNAL



ANTERIOR LIP DISPLACEMENT IS ASSOCIATED WITH UNPLANNED RETURN TO OPERATING ROOM AFTER OPERATIVE MANAGEMENT OF TIBIAL SPINE FRACTURES 177

12 ®

Number of Patients with UPROR
(=]

0-0.25 0-0.5 0-0.75 0-1 0-1.25 0-1.5 0-1.75 0-2
Anterior Lip Displacement Range (mm)

Figure 3. The effect of residual anterior lip displacement at 0.25 mm increments on the rate of
unplanned return to operating room (UPROR) following operative treatment of pediatric tibial spine
fracture.

study indicate that higher residual ALD may be associated
with overall UP-ROR.

It has been shown previously that residual ALD in
nonoperatively and operatively treated TSFs is not
associated with knee stability and range of motion at
follow—up4. However, in the present study, we found that
increased postoperative anterior lip displacement is related
to UP ROR (3.2 vs 1.7 mm), emphasizing the importance of
maximizing reduction of TSFs. Operative factors, including
type of reduction, fixation with screw vs sutures, and

postoperative management were not correlated with UP-
ROR. This study highlights the importance of reduction of
TSFs in operative treatment.

The current study is not without limitations. The
retrospective nature of the study and suboptimal sample
size are inherent limitations. Treatment protocols were also
at the discretion of the surgeon.

Conclusion

Residual anterior lip displacement of the tibial spine
following operative treatment is significantly associated
with overall complications. Our study reinforces the
importance of  obtaining maximal reduction which
may decrease the overall rate of UP-ROR. Future large
multicenter prospective research is required to study the
effect of ALD on individual complications (e.g. ACL injury,
arthrofibrosis, meniscal injury, etc.) and UP-ROR.
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