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Background: Operative treatment of displaced tibial spine fractures consists of fixation and reduction of the fragment in addition
to restoring tension of the anterior cruciate ligament.

Purpose: To determine whether residual displacement of the anterior portion of a tibial spine fragment affects the range of motion
(ROM) or laxity in operatively and nonoperatively treated patients.

Study Design: Cohort study; Level of evidence, 3.

Methods: Data were gathered from 328 patients younger than 18 years who were treated for tibial spine fractures between 2000
and 2019 at 10 institutions. ROM and anterior lip displacement (ALD) measurements were summarized and compared from
pretreatment to final follow-up. ALD measurements were categorized as excellent (0 to <1 mm), good (1 to <3 mm), fair 3to 5
mm), or poor (>5 mm). Posttreatment residual laxity and arthrofibrosis were assessed.

Results: Overall, 88% of patients (290/328) underwent operative treatment. The median follow-up was 8.1 months (range, 3-152
months) for the operative group and 6.7 months (range, 3-72 months) for the nonoperative group. The median ALD measurement of
the cohort was 6 mm pretreatment, decreasing to 0 mm after treatment (P < .001). At final follow-up, 62% of all patients (203/328)
had excellent ALD measurements, compared with 5% (12/264) before treatment. Subjective laxity was seen in 11% of the non-
operative group (4/37) and 5% of the operative group (15/285; P = .25). Across the cohort, there was no association between final
knee ROM and final ALD category. While there were more patients with arthrofibrosis in the operative group (7%) compared with
the nonoperative group (3%) (P = .49), this was not different across the ALD displacement categories.

Conclusion: Residual ALD was not associated with posttreatment subjective residual laxity, extension loss, or flexion loss. The
results suggest that anatomic reduction of a tibial spine fracture may not be mandatory if knee stability and functional ROM are
achieved.
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Tibial spine fractures represent an avulsion injury of the
anterior cruciate ligament (ACL) with its insertion onto the
tibia. Treatment of tibial spine fractures is based upon
the degree of displacement as classified by the Meyers and
McKeever system.* Type 1 fractures are nondisplaced and
treated nonoperatively. Type 3 fractures are fully dis-
placed, and type 4 fractures are fully displaced with com-
minution'®; both are typically treated with arthroscopic or
open reduction.'™!3 Treatment of type 2 fractures can be
controversial, but recent studies have shown that operative

The Orthopaedic Journal of Sports Medicine, 11(8), 23259671231192978
DOI: 10.1177/23259671231192978
© The Author(s) 2023

treatment of type 2 fractures results in improved stability
but higher rates of arthrofibrosis, while nonoperative treat-
ment leads to more motion but decreased stability and
increased rates of ACL reinjury."*'6 The goal of opera-
tive treatment is 2-fold, to restore the stability and tension
of the ACL and to reduce the fracture as anatomically accu-
rately as possible.

Techniques for fracture reduction include interfragmen-
tary screw fixation or suture fixation through the ACL foot-
print. Occasionally, these techniques may not achieve an
anatomic reduction or may cause deformation of the tibial
eminence fragment, in both instances resulting in the frac-
ture fragment having residual anterior elevation or dis-
placement. The significance of this “anterior lip” has not
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been examined, but the resulting displacement has been
thought to interfere with full range of motion (ROM) of
the knee.”

The purpose of this study was to investigate any associ-
ation between the quality of tibial spine fracture reduction
and motion loss and/or residual laxity. It was hypothesized
that residual anterior lip displacement (ALD) at the final
follow-up visit would not have an effect on residual laxity or
ROM in patients, regardless of whether they undergo oper-
ative or nonoperative treatment.

METHODS
Patients

This was a multicenter institutional review board-approved
study conducted at 10 institutions across the United States.
A query was performed to identify all patients aged
<18 years who were evaluated at participating sites with
a tibial spine fracture between January 1, 2000, and
January 31, 2019. To eliminate confounding from poly-
trauma, patients with additional lower extremity fractures
were excluded from the study. A review of patient medical
records was performed to record patient demographic char-
acteristics, clinical and surgical variables, and the inci-
dence and subsequent outcomes of patients who
developed complications after their tibial spine fracture
treatment. Patients who had follow-up radiographic ante-
rior displacement measurements and at least 3 months of
follow-up ROM measurements were included. This resulted
in 328 patients in the final cohort.

Patient Characteristics

Demographic, clinical, surgical, and radiographic data
were collected retrospectively from patient medical records.
Demographic data included age at presentation, sex, and
race/ethnicity. Clinical data included date of injury, dates
of visits for tibial spine care, clinical notes, and vital sign
measurements taken at clinic visits. Injury characteristics,
such as mechanism of injury, ROM, laxity (defined as a
positive Lachman, anterior drawer, or pivot shift), effusion,
and tenderness, were collected from clinic notes. Surgical
decision-making was based upon individual provider
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indications but generally included gross displacement of
the tibial spine. Surgical data included operative notes,
surgery-related variables, and any complications during
follow-up. Relevant intraoperative times were also recorded,
including time of incision, time of procedure start and end,
and time leaving the operating room. We defined arthrofi-
brosis as >5° of extension loss and/or a lack of knee flexion
past 100° compared with the contralateral knee at
3 months after treatment.

Radiographic Imaging and Analysis

Standard-of-care imaging related to diagnosis and care for
the patient’s tibial spine fracture were reviewed from the
patient’s medical record. Magnetic resonance imaging
scans and radiographs were analyzed to collect growth
plate status, ALD of the tibial spine, and additional injuries
to the knee. ALD was measured from the top of the frag-
ment to the tibial plateau anteriorly on the lateral radio-
graph (Figure 1).” The accuracy and reproducibility of the
ALD measurements have been demonstrated in a previous
study by this author group.” In addition, the residual ALD
measurements were categorized as excellent (0 to <1 mm),
good (1 to <3 mm), fair (3 to 5 mm), or poor (>5 mm).

Statistical Analysis

Patient demographics, injury characteristics, and outcomes
were summarized for the cohort. Continuous variables
were summarized as means and standard deviations or the
median and interquartile range where appropriate, based
on normality of data distribution. Categorical variables
were summarized by frequency and percentage. Bivariate
analysis was done using chi-square test and independent-
samples Student ¢ test to compare patient demographics
and outcomes between treatment groups. ROM and ALD
measurements were summarized and compared from pre-
treatment to the final follow-up. The change in measure-
ment was calculated from pretreatment to final follow-up,
and the Wilcoxon signed-rank test was used to compare
continuous variables. The McNemar test was used for
binary variables in comparing proportions from before
treatment with those from final follow-up.
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Logistic regression was utilized to determine whether
there was a significant association between ALD category
and laxity, controlling for surgery, and analysis of variance
was used to determine association between ALD category
and final ROM measurements.

A subanalysis was conducted on patients in the operative
group (n = 290), first looking at ROM measurements
and contracture data. Kruskal-Wallis tests were used to

Figure 1. Measurement of ALD. The red line indicates the top
of the tibial plateau with the top of the displaced fragment.
This measurement was 6 mm and would be classified as
poor. ALD, anterior lip displacement.
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determine whether there was at least 1 median ROM mea-
surement from the ALD category that was different from
the median of at least 1 of the other ALD categories. Post
hoc pairwise Mann-Whitney tests with a Bonferroni correc-
tion were utilized to determine which specific ALD category
measurements differed significantly from one another.
Logistic regression was utilized to determine whether ROM
measurements or laxity were associated with having a com-
plication. A P value <.008 was considered significant for
post hoc tests, while all other tests were considered signif-
icant if the P value was <.05. All comparative statistical
analyses were 2-tailed. Statistical analysis performed with
SAS (Version 9.4, SAS Institute).

RESULTS

Of 580 initially identified patients, 328 patients were
included in the study cohort (Figure 2). The mean age at
the time of injury was 11.7 years (range, 5.09-17.85 years),
and 63% of the cohort was male (207/328). In all, 88%
(290/328) of patients had operative treatment, while 12%
of patients (38/328) had nonoperative treatment. Tables 1
and 2 show the patient and injury characteristics of the
patients overall and by treatment group. The only signifi-
cant difference in demographics between the groups was
that patients who underwent nonoperative treatment were
slightly younger compared with those who underwent oper-
ative treatment (10.8 vs 11.8 years; P = .04).
Immobilization in hyperextension, full extension or 15°
was the most frequent treatment (97%) in the nonoperative
group while the majority of patients in the operative group
(87%) received arthroscopic reduction and internal fixation.
There were 177 patients (61%) who underwent suture fix-
ation, 72 (25%) who had screw fixation, and 27 patients

580 patients enlhilied
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107 patients without anterior lip displacement
follow-up measurements

473 patients with post-treatment anterior lip
displacement data

145 patients without at least 3 months range of
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328 patients with post-rrearment anferior hp
displacement data and al least 3 months
post-trearment range of motion data
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Figure 2. Flowchart of patient inclusion and anterior lip displacement category.
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TABLE 1
Patient Characteristics Overall and by Treatment Group®
Full Cohort Operative Nonoperative
Characteristic (N = 328) (n = 290) (n = 38) P
Age at injury, y 11.7 £ 2.82 11.8+2.8 10.8 £ 2.81 .04
Male sex 207 (63) 181 (62) 26 (68) 47
Hispanic or Latino .25
Yes 15 (5) 15 (5) 0(0)
No 233 (71) 208 (72) 25 (66)
Unknown 80 (24) 67 (23) 13 (34)
Race (n = 327)° .60
White 194 (59) 172 (60) 22 (58)
Black or African American 26 (8) 25 (9) 1(3)
Asian 9(3) 8(3) 1(3)
Hispanic/Latino 5(2) 5(2) 0(0)
Other 9(3) 9(3) 0(0)
Not recorded 84 (26) 70 (24) 14 (37)
BMI (n = 292)° 20.1 +4.53 20.1 + 4.66 19.9 £ 3.42 .80
Insurance type (n = 323)° 77
Private/commercial 236 (73 208 (73) 28 (74)
Government/Medicare 74 (23) 65 (23) 9 (24)
Self-pay 13 (4) 12 (4) 1(3)
Mechanism of injury 21
Twisting noncontact 135 (41) 121 (42) 14 (37)
Contact 133 (41) 113 (39) 20 (53)
Hyperextension 9(3) 7(2) 2 (5)
Uncertain 17 (5) 15 (5) 2 (5)
Activity during injury
Sports 205 (63) 179 (62) 26 (68) 42
Bicycling accident 41 (13) 34 (12) 7(18) 25
Fall from height 34 (10) 28 (10) 6 (16) .25
Rough play 11 (3) 11 (4) 0 (0) .99
Running 11 (3) 10 (3) 1(3) .79
Motor vehicle accident 9(3) 9(3) 0(0) .99
Other 24 (7) 22 (8) 2 (5) .61
Unknown 7(2) 7(2) 0 (0) .99

“Data are shown as mean + SD or n (%). Boldface P value indicates statistically significant difference between groups (P < .05). BMI, body

mass index.

®Number of patients with available data for the given characteristic.

(9%) who had both suture and screw fixation. Although
there was not a standardized protocol, the majority of
patients were not cast immobilized in full knee extension
postoperatively but rather utilized a gradated ROM proto-
col. The median time to final ROM measurements for the
operative group was 8.1 months (range, 3.02-151.66
months) and the median time to final radiographic mea-
surement was 4.0 months from surgery (range, 0.13-91.86
months). The nonoperative group had a median time of 6.7
months to final ROM measurement (range, 3.02-71.75
months) and 3.9 months to final radiographic measurement
(range, 0.59-55.13 months).

The median ALD measurement for all patients was
6.0 mm before treatment and decreased to 0 mm after treat-
ment (P < .001). At final follow-up, residual ALD was cat-
egorized as excellent in 203/328 (62%), good in 49/328
(15%), fair in 60/328 (18%), and poor in 16/328 (5%) patients
(Figure 2). The breakdown of final outcomes between treat-
ment groups is listed in Table 3. There were no between-
group differences in the final ALD measurements. At the

final follow-up, over half (62%; 203/328) were categorized in
the excellent group for the ALD measurement compared
with 5% (12/264) pretreatment (Table 4). We also per-
formed a subanalysis of patients in the operative group who
underwent suture fixation (n = 177) compared with screw
fixation (n = 72), and the final residual anterior displace-
ment measurements yielded a similar distribution of
patients in each category (excellent, 63% vs 63%; good,
15% vs 11%; fair, 18% vs 22%; and poor, 4% vs 4%).

Laxity

A total of 11% of patients in the nonoperative group had a
positive finding of laxity (4/37) and 5% had a positive find-
ing of laxity in the operative group (15/285; P = .25) (Table
3). Across the entire cohort within each residual ALD
group, there was no difference between the groups (Table 5).
There were 9 patients who underwent delayed ACL recon-
struction in the operative group and 1 patient in the non-
operative group.
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TABLE 2
Injury Characteristics Overall and by Treatment Group®
Full Cohort Operative Nonoperative
Characteristic (N = 328) (n =290) (n =38) P
Fracture type (n = 272)°
Type 1 18 (7) 3D 15 (48)
Type 2 116 (43) 103 (43) 13 (42)
Type 3 117 (43) 115 (48) 2(6)
Type 4 21 (8) 20 (8) 1(3)
Distal femur growth plate status (n = 253)° .26
Immature 178 (70) 152 (69) 26 (79)
Mature 75 (30) 68 (31) 7(21)
Proximal tibial growth plate status (n = 252)° .28
Immature 187 (74) 160 (73) 27 (82)
Mature 65 (26) 59 (27) 6 (18)
Previous ipsilateral knee injury
Osgood-Schlatter 2 (1) 1(0) 1(3) .22
Tibial spine fracture 2 (1) 2(1) 0 (0) >.99
Patellofemoral pain 2 (1) 1(0) 1(3) .22
Other 4 (1) 4 (1) 0 (0) >.99
“Data are shown as n (%).
®Number of patients with available data for the given characteristic.
TABLE 3
Outcomes Overall and by Treatment Group”
Full Cohort Operative Nonoperative
Outcome Measure (N = 328) (n =290) (n =38) P
Laxity (n = 322)° 19 (6) 15 (5) 4(11) 25
ROM flexion, deg 140 [130-140] 140 [130-140] 140 [140-140] .05
ROM extension, deg 0 [0-0] 0 [0-0] 0 [0-0] .46
Total ROM, deg 140 [135-140] 140 [132-140] 140 [140-140] .08
ALD, mm 0 [0-2.4] 0 [0-2.2] 0.0 [0-3.0] .66
ALD category
Excellent 203 (62) 182 (63) 21 (55) 47
Good 49 (15) 42 (15) 7 (18) .69
Fair 60 (18) 51 (18) 9 (24) .49
Poor 16 (5) 15 (5) 1(3) .78
Complication(s) 56 (17) 51 (18) 5(13) .50
Arthrofibrosis/stiffness 22 (7) 21 (7) 1(3) .49
Leg length discrepancy 6 (2) 6(2) 0(0) .80
Ipsilateral ACL injury 4 (1) 4(1) 0(0) >.99
Chondral injury 3(1) 3(D 0 (0) >.99
Meniscal tear 3() 3() 0(0) >.99
Ipsilateral tibial spine fracture 1(0) 1(0) 0(0) >.99
Superficial infection 1(0) 1(0) 0(0) >.99
Hardware complication 1(0) 1(0) 0(0) >.99
Angular deformity 1(0) 1(0) 0(0) >.99
Growth arrest on radiograph 1(0) 1(0) 0(0) >.99
Other 26 (8) 22 (8) 4 (11) .76

“Data are shown as n (%) or median [interquartile range]. Boldface P value indicates statistically significant difference between groups (P

< 05). ACL, anterior cruciate ligament; ALD, anterior lip displacement; ROM, range of motion.
®Number of patients with available data for the given characteristic.

Range of Motion

Total ROM arc before treatment was 80° and increased to

140° after treatment (P < .001) (Table 4).

There were no

significant associations detected between final ALD cate-

gory and final ROM measurements.

We utilized a 2016 international consensus to classify
arthrofibrosis of the knee into 1 of 4 categories for extension
restriction (okay, <5°; mild, 5°-10°; moderate, 11°-20°; or
severe, >20°) and flexion restriction (okay, >100°; mild,
90°-100°; moderate, 70°-89°; or severe <70°).° Within the
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TABLE 4
Outcomes From Pretreatment to Final Follow-up®

Pretreatment Final Follow-up Change in Outcomes

Outcome Measure n Value n Value n Value P
Laxity 178 142 (80) 322 19 (6) - - <.001
ROM flexion, deg 159 90 [48 to 100] 328 140 [130 to 140] 159 50 [32 to 90] <.001
ROM extension, deg 161 5 [0 to 20] 328 0 [0 to 0] 161 -5 [-18 to 0] <.001
Total ROM, deg 150 80 [40 to 110] 328 140 [135 to 140] 150 60 [28 to 99] <.001
ALD, mm 264 6.0 [3.8 t0 9.0] 328 0.0 [0 to 2.4] 264 -5.0 [-7.7 to -2.8] <.001
ALD category

Excellent (0 to <1 mm) 264 12 (5) 328 203 (62) - - <.001

Good (1 to <3 mm) 264 29 (11) 328 49 (15) - - .08

Fair (3 to 5 mm) 264 62 (23) 328 60 (18) - - 41

Poor (>5 mm) 264 161 (61) 328 16 (5) - - <.001

“Data are shown as n (%) or median [interquartile range| unless otherwise indicated. Boldface P values indicate statistically significant

difference between groups (P < .05). Dashes indicate areas not applicable. ALD, anterior lip displacement; ROM, range of motion.

operative cohort, there were no patients with moderate or
severe extension loss, and the majority of patients were
classified as “okay.” There was no difference in the propor-
tion of patients with mild (5°-10°) extension loss between
the ALD categories. This finding was also seen with flexion
loss. In the operative group, there was an association
between ALD category and secondary surgery for a manip-
ulation under anesthesia (MUA) or lysis of adhesions (LOA)
(P = .02) (Table 5).

In the nonoperative cohort, there were no patients with
extension loss, and only 1 patient experienced flexion loss.
In addition, there were no recordings of a secondary sur-
gery for a MUA/LOA in the nonoperative group.

Complications

Eighteen percent of patients in the operative group had
at least 1 complication, compared with 13% of patients in
the nonoperative group (P = .50) (Table 3). For each 10°
increase in final ROM, the odds of having a complication
decreased by 52% (odds ratio = 0.48; 95% CI = 0.36-0.66; P
< .001), controlling for surgery.

DISCUSSION

This study is one of the largest comparative studies inves-
tigating residual anterior displacement of a tibial spine
fracture in a geographically diverse, multicenter cohort of
patients. In this study, strict anatomic reduction was not
found to be absolutely mandatory to achieve subjective sta-
bility and near-normal ROM.

Two simultaneous events occur during a tibial spine frac-
ture: elongation of the ACL through plastic deformation
and the avulsion fracture itself. Screw and suture fixation
utilize 2 different methods in addressing these simulta-
neous events. Screw fixation attempts to directly compress
the bone fragments together, thereby indirectly tensioning
the ACL. Suture fixation is performed through the base of
the ACL fibers, tensioning the ACL and indirectly reducing
and fixing the fracture fragment. While the goal of any

fracture surgery is anatomic reduction of the displaced
fragment, perfect reduction is not always achieved with
either method, and tibial fracture fragment deformation
may result from compression fixation. Rather, as a liga-
ment avulsion fracture it is vital to restore the appropriate
length-tension relationship of the ACL while ensuring no
mechanical block to extension results. Residual anterior
displacement of the tibial spine is believed to lead to limita-
tions in the ROM of the knee, particularly with extension,
and potential instability of the ACL.

A previous study seeking to compare suture versus
screw fixation found that superior displacement of the
anterior portion of the tibial spine fragment tended to be
greater in patients who had repair with sutures.® This
may be a consequence of a particular surgical technique
in which suture fixation performed through the base of the
ACL, which is located on the posterior portion of the frag-
ment, may cause plastic deformation and superior eleva-
tion of the anterior-most portion of the fragment, which
does not have any ACL fibers attached. In the current
study, suture versus screw fixation had similar distribu-
tions in each category, yielding no difference in final radio-
graphic result based on fixation strategy.

The classification of reduction was based upon the final
measurement of the residual ALD. The operative cohort
had 77% of patients with excellent-to-good reduction, 18%
with fair reduction, and 5% with poor reduction. The non-
operative group had 74% excellent-to-good reduction, 24%
fair reduction, and 3% poor. Most patients (84%) were clas-
sified as being in the fair or poor category before treatment,
but 77% were classified in the excellent-to-good category
after treatment. In a recent publication,? 64% of a group
of fellowship-trained surgeons recommended surgical
treatment of tibial spine fracture with >3.5 mm of displace-
ment. However, there is little consensus of what is accept-
able after surgical treatment. Interestingly, 51/328 (16%) of
patients within this cohort had a final measurement of
>3.5 mm, even after receiving treatment.

Clinical laxity was defined as laxity on physical exami-
nation or subjective laxity experienced by the patient.
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TABLE 5
Outcomes by Final ALD Category Stratified by Treatment Group®
Operative Group (n = 290)

Outcome Measure Excellent (n = 182) Good (n = 42) Fair (n = 51) Poor (n = 15) pPe
Laxity (n = 285)° 9 (5) 2 (5) 4(8) 0(0) .79
Total ROM, deg 140 [50 to 155] 140 [65 to 145] 135 [85 to 150] 140 [125 to 150] 31
ROM flexion, deg 140 [60 to 150] 140 [55 to 145] 135 [90 to 150] 140 [130 to 150] .26
Flexion loss

Okay (>100°) 179 (98) 41 (98) 50 (98) 15 (100) .99

Mild (90°-100°) 1(1) 0(0) 1(2) 0(0) .69

Moderate (70°-89°) 0(0) 0(0) 0 (0) 0(0) -

Severe (<70°) 2(1) 1(2) 0(0) 0(0) .76
ROM extension, deg 0 [-20 to 10] 0 [-10 to 10] 0 [-10 to 10] 0 [-5 to 10] .56
Extension loss

Okay (<5°) 175 (96) 38 (91) 45 (88) 13 (87) .09

Mild (5°-10°) 7 (4) 4(10) 6 (12) 2 (13) .09

Moderate (11°-20°) 0(0) 0(0) 0 (0) 0(0) -

Severe (>20°) 0(0) 0 (0) 0 (0) 0 (0) -
ACL reconstruction 8 (4) 1(2) 0 (0) 0(0) 73
MUA/LOA 12 (7) 8(19) 6 (12) 4(27) .02

Nonoperative Group (n = 38)

Outcome Measure Excellent (n = 21) Good (n =17) Fair (n =9) Poor (n = 1) P
Laxity (n = 38)° 1(5) 17 1(11) 1 (100) .59
Total ROM, deg 140 [90 to 145] 140 [135 to 140] 140 [115 to 141] 140 [140 to 140] 7
ROM flexion, deg 140 [90 to 145] 140 [130 to 140] 140 [115 to 140] 140 [140 to 140] .83
Flexion loss

Okay (>100°) 20 (95) 7 (100) 9 (100) 1 (100) .98

Mild (90°-100°) 1(5) 0(0) 0 (0) 0(0) .98

Moderate (70°-89°) 0(0) 0 (0) 0 (0) 0 (0) -

Severe (<70°) 0(0) 0(0) 0 (0) 0(0) -
ROM extension, deg 0 [0 to 0] 0 [-5 to 2] 0 [-1 to O] 0 [0 to 0] 57
Extension loss

Okay (<5°) 21 (100) 7 (100) 9 (100) 1 (100) -

Mild (5°-10°) 0(0) 0(0) 0 (0) 0(0) -

Moderate (11°-20°) 0(0) 0 (0) 0 (0) 0 (0) -

Severe (>20°) 0(0) 0 (0) 0(0) 0 (0) -
ACL reconstruction 1(5) 0(0) 0(0) 0(0) .98
MUA/LOA 0(0) 0(0) 0(0) 0(0) -

“Data are shown as n (%) or median [interquartile range]. Boldface P value indicates statistically significant difference between the
“excellent,” “good,” and “fair” ALD categories (P < .05). Dashes indicate areas not applicable. ACL, anterior cruciate ligament; ALD, anterior

lip displacement; LOA, lysis of adhesions; MUA, manipulation under anesthesia; ROM, range of motion.

®Number of patients with available data for the given characteristic.

°P value calculated from regression analysis comparing the “excellent,” “good,” and “fair” categories.

Pretreatment, laxity was reported in 80% of all patients
with data; after treatment, laxity was reported in 6% of
patients. Overall, 5% of the operative cohort and 11% of the
nonoperative cohort had clinical laxity; however, this dif-
ference was not statistically different. These data are lower
in comparison with the range of instability in previous lit-
erature (14%-83%), but our data did not include any objec-
tive KT-1000 arthrometer measurements.*%%1° There was
no difference in laxity in either cohort when stratifying for
residual anterior displacement. In comparing the differ-
ence between the operatively treated and nonoperatively
treated cohorts, this laxity may be reflective of the slightly
higher degree of residual displacement in the nonoperative

group compared with the operative group, but it is more
likely indicative of modern surgical techniques designed
to increase the tension of the ACL. Despite having more
clinical laxity in the nonoperative group, there was no dif-
ference in ipsilateral ACL injury in either treatment group
(1 vs 0); however, 9 patients in the operative group under-
went delayed ACL reconstruction compared with 1 patient
in the nonoperative group.

ROM of the knee and laxity directly relate to the overall
function of the knee. The arc of motion preoperatively aver-
aged 80° and increased to a median of 140° after treatment.
Knee ROM from 10° to 115° is required for most activities of
daily living,'? and limitations in achieving these ranges can
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be detrimental and affect quality of life, especially in the
young patient population. Overall, 7% of the study cohort
(3% in the nonoperative group and 7% in the operative
group) had arthrofibrosis. However, the final ALD category
did not adversely contribute to extension loss, with only a
marginal increase in developing extension loss if the reduc-
tion was not “excellent.” The common perception is that a
residual anterior displacement of the tibial spine would
prevent full extension, but this likely is dependent upon
accommodation within the anterior aspect of the inter-
condylar notch and any medial or lateral translation.
This study did not find any extension loss in the nonop-
erative group, even with fair to poor ALD. This may be a
result of casting the knee in full extension or hyperex-
tension while the fracture healed.®® In addition, some
patients who had a perfect reduction still experienced
extension loss, which supports a multifactorial reason for
arthrofibrosis. ALD was also not associated with flexion
loss; 2 patients had to return to the operating room for
treatment of arthrofibrosis.

Limitations

Although this was a large multicenter study of tibial spine
fractures across varied geographically diverse, high-
volume institutions, this study has a number of limitations,
especially given the retrospective design. Data extended
back to 2000, which affects the completeness of the injury
recovery timeline for some patients and the lack of patient
reported outcomes data (including activity level and return
to activity rates, as well as long-term outcomes). Without
complete data, some patients were excluded from the study
cohort. In addition, due to the nature of this multicenter
study, there may be some variation in interpreting radiol-
ogy reports across institutions lending to a potential for
diagnostic bias, although ALD measurement has been val-
idated across these institutions.”

In addition, the majority of patients were in the
excellent-to-good category of ALD, and this increases the
chance of a type II error with the smaller number of
patients in the poor category. Specifically, a post hoc power
analysis showed only 50% power in detecting extension loss
differences in the operative group. However, this is biased
by the quality of the reduction that is typically achieved.
The nature of multicenter studies is that significant prac-
tice variation exists across numerous surgeons as does
measurement of laxity (particularly without objective
KT-1000 data) and ROM that could have influenced the
reporting of these variables. In addition, this study did not
specifically examine overreduction of the tibial spine
(ie, negative displacement) but grouped them all into the
“excellent” category to eliminate the risk of hiding an effect
through averaging positive and negative values.

The standard-of-care clinical follow-up for these frac-
tures extends to 9 to 12 months after initiation of treat-
ment. We included patients with at least 3 months of
clinical follow-up. Although these data skew the follow-up
range values, we felt it was important to account for these
ALD measures while assessing the sufficiency of the mod-
ern surgical technique for this cohort as a whole. While
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most patients had final radiographs that demonstrated
complete healing, some patients with only postoperative
radiographs were included. There is the possibility that
some remodeling would have occurred that would place
patients into a different category, but for those patients in
whom there were serial radiographs, this phenomenon was
not observed.

CONCLUSION

The findings of this study provide evidence that some resid-
ual displacement of the anterior lip may not negatively
influence a patient’s posttreatment ROM, as has been pre-
viously thought, or affect residual laxity. Although the
study results confirm that return to normal ROM and sta-
bility is possible without an ideal reduction of the anterior
lip, we are not advocating for ignoring anatomic reduction.
Rather, the study results suggest that persistent, repeated
attempts at achieving intraoperative radiographic perfec-
tion may not be mandatory as long as knee stability and
functional ROM are achieved.
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