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Background: While generalized ligamentous laxity is a risk factor for anterior cruciate ligament (ACL) reconstruction failure, there
is a paucity of literature evaluating underlying dynamic risk factors predisposing pediatric and adolescent patients to ACL tears or
tibial spine fractures.

Purpose: To (1) evaluate differences in baseline knee hyperextension and postoperative knee stiffness between patients who
sustained tibial spine fractures versus ACL tears and (2) determine whether there were other demographic and dynamic injury
differences between these patients.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: We evaluated patients aged between 9 and 17 years old who were treated at a tertiary pediatric hospital between 2012
and 2020 for a tibial spine fracture or an ACL tear. Patients in each injury group were matched based on age and physeal closure
status. The demographic characteristics and pre- and postoperative clinical variables were recorded, and bivariate analysis and
binomial logistic regression were performed to compare the proportion of patients with knee hyperextension— denoted as unin-
jured knee hyperextension .3�—between injury types and evaluate additional risk factors for injury, respectively.

Results: Overall, 405 patients were included, 81 with tibial spine fractures and 324 with ACL tears. Patients with ACL tears were
more likely to have increased knee hyperextension compared with those with tibial spine fractures (36% [115/324] vs 24% [19/81];
P = .047). This was also observed when controlling for age and physeal closure status. In patients aged �14 years with open
physes, 39% with ACL tears had hyperextension versus 18% with tibial spine fractures (P = .003). No difference was observed
in the proportion of patients who developed postoperative stiffness (2.5% for ACL tears vs 6% for tibial spine fractures; P = .091).
Patients with ACL tears were more likely to have sustained a noncontact mechanism of injury compared with patients with tibial
spine fractures (62% [202/324] vs 39% [32/81]; P = .0002).

Conclusion: Patients with ACL tears were more likely to have increased knee hyperextension and to have sustained a noncontact
injury compared with those with tibial spine fractures. Postoperative knee stiffness after tibial spine fixation may be related to this
baseline reduced knee extension rather than the injury itself.

Keywords: anterior cruciate ligament rupture; anterior cruciate ligament tear; knee hyperextension; pediatric orthopaedics; pedi-
atric sports medicine; postoperative stiffness; tibial spine fracture

Tibial spine fractures and anterior cruciate ligament (ACL)
tears both occur in the skeletally immature knee. ACL

tears are a common sports injury seen in the adult and
pediatric populations, with an estimated 100,000 to
200,000 cases per year in the United States.18,19 In con-
trast, tibial spine fractures are reported much less fre-
quently than ACL tears and account for 2% to 5% of all
pediatric knee injuries.33 Most tibial spine fractures occur
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in patients aged between 8 and 14 years.2,5 The pathophys-
iology suggests that at this age, the subchondral bone
underlying the nonarticular portion of the tibial eminence
is weak, thus the bone fails (or avulses) before the ACL
ruptures.24,40 Therefore, historically, tibial spine fractures
were referred to as the pediatric ACL tear.12 With an
increase in participation in high-level youth athletics,
there has been an increase in the incidence of knee
injuries—including both tibial spine fractures and ACL
tears, with injuries occurring at younger ages.37

Differences in injury patterns have been attributed to
a variety of factors—including loading conditions (loading
the ACL in tension frequently at low velocity leads to tibial
spine fractures before ACL fails in continuity),12,30 relative
strength of the tibial eminence at the ACL insertion,42 and
anatomic differences (eg, intercondylar notch width,43 pos-
terior slope of the proximal tibia, and angle of inclination of
the intercondylar roof).3,11,22,32,34,36,38 While these previous
studies have evaluated structural differences between
injury patterns, few studies have examined dynamic param-
eters as risk factors for tibial spine fractures versus ACL
ruptures. One such risk factor that has been implicated is
baseline knee hyperextension.15,25 Previous studies have
demonstrated that generalized ligamentous laxity is associ-
ated with an increased risk of ACL injury23,29,31,39; however,
there is a paucity of literature comparing ligamentous laxity
between patients sustaining tibial spine fractures and those
sustaining ACL tears, especially in the pediatric and adoles-
cent patient population. Furthermore, postoperative knee
stiffness is a common concern after tibial spine avulsion
fracture operative fixation; nonetheless, the exact etiology
continues to be explored.9,13

The primary aim of this study was to determine whether
baseline knee hyperextension in the pediatric and adoles-
cent patient population was correlated with ACL tears ver-
sus tibial spine fractures and detect whether there was
a difference between pre- and postoperative knee motion
between injury types. The secondary aim was to determine
whether other demographic or dynamic injury characteris-
tics were associated with tibial spine fractures versus ACL
tears. We hypothesized that patients with ACL tears would
have more baseline knee hyperextension than patients with
tibial spine tears and less postoperative knee stiffness.

METHODS

After receiving institutional review board approval for the
study protocol, we performed a retrospective case-control
study evaluating patients who sustained either a tibial

spine fracture or an ACL tear at a single tertiary pediatric
hospital. Patients were identified using the International
Classification of Diseases (ICD)-9 and ICD-10 codes
(8442, 82300, 82310, S83.511, S83.512, S83.519, and
S82.11). Patients aged between 9 and 17 years who were
treated for either a tibial spine fracture or an ACL tear
between January 2012 and December 2020 were included.
Patients aged between 4 and 8 years were initially evalu-
ated; however, they were ultimately excluded from the
study because of the small number of patients with ACL
tears in the same age range and the inability to match
appropriately. We excluded patients with an incorrect ini-
tial diagnosis, previous knee injury or surgery, or incom-
plete follow-up, as defined by missing �1 of the following:
documented pre- and posttreatment knee range of motion;
pre- and posttreatment imaging to assess physeal closure
status, or having only a single orthopaedic visit.

Tibial spine fracture and ACL tear diagnoses were con-
firmed based on the patient’s electronic medical records
(history and physical examination), radiographs for tibial
spine fractures, and magnetic resonance imaging for ACL
tears. Tibial spine fractures were classified based on the
Meyers and McKeever classification,27 and ACL tears
were characterized as either partial or complete based on
preoperative imaging.

Data were collected and organized for all patients who
met the inclusion criteria—including information on pre-
and posttreatment knee range of motion, presence or
absence of generalized ligamentous laxity, physeal closure
status, and mechanism of injury. The uninjured knee was
assessed for hyperextension, as defined by a passive
motion of .3� of hyperextension, and this measure pro-
vided a baseline surrogate for the injured knee. As per
our institution-specific criteria for documentation of nor-
mal knee motion, knee hyperextension during the initial
visit was based on clinical examination by fellowship-
trained orthopaedic surgeons (B.A.W., J.T.L., T.J.G., K.M.)
with at least 3 years of experience. The range of knee motion
was evaluated by each orthopaedic surgeon via visual assess-
ment. If there was no initial documentation of the uninjured
knee, this measurement was taken from the most recent
follow-up visit. As per routine institutional practice, treating
physicians also documented their overall impression regard-
ing the presence or absence of generalized ligamentous lax-
ity, which was collected similarly to hyperextension
measurements. Generalized ligamentous laxity was defined
as either normal (no increased laxity) or increased laxity.

The physeal status of the distal femur and proximal
tibia was characterized as either open/closing or com-
pletely closed. Knee radiographs at the time of injury
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were used to determine growth plate status in patients,
when available. If radiographic data were not available
at the time of injury or patients had questionable physeal
closure status, advanced imaging with magnetic resonance
imaging and/or computed tomography scan was used to
document physeal closure status. Mechanism of injury
was noted at the initial visit and was characterized as
either contact or noncontact.

Patients were matched in a 4 to 1 ratio of ACL tear to
tibial spine fracture based on age and physeal closure sta-
tus to minimize the difference in ligamentous laxity attrib-
uted to age and skeletal maturity. The 4 to 1 matching was
selected to maximize the statistical power to detect a differ-
ence between the 2 injury types. A total of 118 patients sus-
tained tibial spine fractures and 1625 patients sustained
ACL tears during the 8 years and in patients aged between
5 and 17 years. Of the tibial spine fractures, 11% (13/118)
were removed because of age \9 years, and 20% (24/118)
were excluded for incomplete follow-up. A total of 81
patients with tibial spine fractures were included in the
study (Figure 1). Overall, 1.5% (25/1625) of patients with
ACL tears were reviewed but not included in the study
because of incomplete follow-up, and 4.6% (75/1625) of
patients with ACL tears were reviewed but not included
in the study because of our 4 to 1 ACL tear-to-tibial spine
fracture matching criteria based on physeal closure status.
For proper 4 to 1 matching, data were collected on a total of
324 patients with ACL tears who were matched to the tib-
ial spine fracture cohort according to age and physeal clo-
sure status (Table 1).

RESULTS

The characteristics of the tibial spine fracture cohort (n =
81) and the 4 to 1 sex- and physeal status-matched ACL

tear cohort (n = 324) are summarized in Table 2. A signif-
icant sex-based difference was observed between the
groups, with 78% (63/81) of patients with tibial spine frac-
tures being men compared with 56% (183/324) of patients
with ACL tears (P \ .001) (Table 2). Most patients treated
had open or closing physes (Table 2). Fourteen years was
the oldest age group that had no patients with closed
physes. Also, 46 patients (56%) with tibial spine fractures
were\14 years. The most common type of tibial spine frac-
ture was type 3, and the most common type of ACL injury
was a complete tear (Table 2). The mean follow-up length
was 11 6 13 months for tibial spine fractures and 13 6 9
months for ACL tears.

Patients with ACL tears were more likely to have base-
line knee hyperextension (defined as uninjured knee
hyperextension .3� on physical examination) compared
with patients with tibial spine fractures (36% [115/324]
vs 24% [19/81]; P = .047). This result was also noted
when controlling for age and physeal closure status (Table
3). In patients aged �14 years with open physes, increased
knee hyperextension was more frequent in patients with

Pa�ents treated for 
�bial spine fractures between 

January 2012 and December 2020
(n = 148)

Pa�ents who met 
inclusion criteria 

(n = 105)

Pa�ents available
for analysis 

(n = 81)

Incomplete follow-up: 
16% (n = 24)

Excluded: 28% (n = 43)
- Incorrect diagnosis (n = 30)
- Younger than 9 years (n = 13)

Figure 1. The STROBE flow chart of the study inclusion pro-
cess for patients with tibial spine fractures. STROBE, Strength-
ening the Reporting of Observational Studies in Epidemiology.

TABLE 1
Overview of Matched Tibial Spine Fracture

and ACL Tear Cohortsa

Age at Injury
Tibial Spine Fracture

Patients, n
4:1 Matched ACL
Tear Patients, n

9 y
Open physis 4 16
Closed physis 0 0

10 y
Open physis 4 16
Closed physis 0 0

11 y
Open physis 6 24
Closed physis 0 0

12 y
Open physis 16 64
Closed physis 0 0

13 y
Open physis 14 56
Closed physis 2 8

14 y
Open physis 13 52
Closed physis 0 0

15 y
Open physis 6 24
Closed physis 4 16

16 y
Open physis 2 8
Closed physis 3 12

17 y
Open physis 5 20
Closed physis 2 8

Total 81 324

aStatistical analysis was conducted using SPSS statistical soft-
ware (IBM Corp). Chi-square analysis, Fisher exact tests, inde-
pendent t tests, and multivariable binomial logistic regression
were used. The significance level was set at P \ .05. ACL, anterior
cruciate ligament.
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ACL tears compared with tibial spine fractures (39% [88/
227] vs 18% [10/57]; P = .003). No difference was observed
in the proportion of patients in each injury cohort who had
knee hyperextension in those aged �15 years with open
physes (27% of patients with ACL tears [14/52] vs 46% of
patients with tibial spine fractures [6/13]; P = .196). Also,
no difference was found in the proportion of patients in
each injury cohort who had knee hyperextension in those
aged �15 years with closed physes (28% [10/36] vs 33%
[3/9]; P = .704).

Patients with ACL tears were more likely to have gener-
alized ligamentous laxity, per the treating clinician’s clinic
notes, compared with those with tibial spine fractures (26%

[60/228] vs 11% [6/53]; P = .02). This was also seen in
patients aged �14 years with open physes (Table 3).
Patients who were aged �15 years did not demonstrate
a difference in the proportion of patients who had general-
ized ligamentous laxity (23% [6/26] vs 43% [3/7]; P = .358
for open physes; 25% [5/20] vs 14% [1/7], P � .999 for closed
physes, respectively).

No difference was observed in the proportion of patients
who lost .3�, .5�, or .10� of knee extension based on
injury type, with a minimum of 6, 9, or 12 months of
follow-up (Appendix Table A1). No statistically significant
difference was observed in the proportion of patients who
developed postoperative stiffness requiring a return to

TABLE 2
Distribution of the Patient and Injury Characteristics for the Study Populationa

Variable All Patients (N = 405) Tibial Spine Fracture (n = 81) ACL Tear (n = 324) P (2-sided)

Sex \.001b

Male 246 (61) 63 (78) 183 (56)
Female 159 (39) 18 (22) 141 (44)

Race .326c

White 268 (66) 49 (61) 219 (68)
Black 80 (20) 22 (27) 58 (18)
Asian 15 (4) 3 (3.5) 12 (4)
Hispanic 11 (3) 3 (3.5%) 8 (2)
Other 31 (7) 4 (5) 27 (8 )

Height, m 1.63 6 0.12 1.65 6 0.13 1.62 6 0.12 .065d

(95% CI, –0.002 to 0.06)
Weight, kg 58.63 6 16.98 55.9 6 15.03 59.28 6 17.39 .123d

(–7.48 to 0.89)
Mechanism of injury .001c

Noncontact 221 (55) 31 (38) 190 (59)
Contact 171 (42) 49 (61) 122 (38)
Unknown 13 (3) 1 (1) 12 (3)

Laterality .456b

Left 197 (49) 36 (44) 161 (49)
Right 208 (51%) 45 (56) 163 (51)

Type of tibial spine fracturef

Type 1 11 (14) 11 (14) —
Type 2 19 (23) 19 (23) —
Type 3 51 (63) 51 (63) —

Type of ACL tear
Complete 286 (88) — 286 (88)
Partial 34 (11) — 34 (11)
Not specified 4 (1) — 4 (1)

Knee hyperextension .047b

\3� 271 (67) 62 (77) 209 (64)
�3� 134 (33) 19 (23) 115 (36)

Generalized laxity .02b

No 215 (77) 47 (89) 168 (74)
Yes 66 (23) 6 (11) 60 (26)

Time to surgery, wk 5.6 6 6.1 1.6 6 3.7 5.5 6 5.9 .001e

Length of follow-up, mo 12.77 6 9.8 11.3 6 13.31 13.14 6 8.8 0.128d

(95% CI, –4.3 to 0.54)

aData are presented as n (%) or mean 6 SD. Bold P values indicate a statistically significant difference between the study groups (P\ .05).
bFisher exact test.
cPearson chi-square test.
dIndependent t test.
eMann-Whitney U test.
fBased on Meyers and McKeever classification.27
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the operating room for manipulation under anaesthesia or
lysis of adhesions between those with tibial spine fractures
and ACL tears (6% [5/81] vs 2.5% [8/324], x2 = 2.86; P =
.091). The mean loss of motion between baseline knee
hyperextension of the uninjured knee and postoperative
hyperextension of the injured knee was not statistically
different between patients with tibial spine fractures ver-
sus ACL tears (–1.65 6 4.06 vs 21.71 6 3.4; P = .89
[95% CI, –0.80 to 0.93]). Of note, a difference was observed
in time to the operating room between the 2 injury types,
with patients sustaining tibial spine fractures undergoing
surgery sooner than those with ACL tears (1.6 6 3.7 vs
5.5 6 5.9 weeks; P = .001).

Patients with tibial spine fractures were more likely to
have had a contact mechanism of injury compared with
patients with ACL tears (61% [49/81] vs 38% [122/324];
P = .001). Based on the multivariable binomial logistic
regression, patients with a noncontact mechanism of injury
were more than twice as likely to have sustained an ACL
tear compared with a tibial spine fracture (odds ratio

[OR], 2.3 [95% CI, 1.37-3.9]; P = .002). Patient sex was
also associated with injury type, where female patients
were over twice as likely to sustain an ACL tear compared
with a tibial spine fracture (Table 4). Patient pretreatment
body mass index (BMI) was also correlated with injury type.
Those with higher BMI were more likely to sustain an ACL
tear (OR, 1.1 [95% CI, 1.03-1.17]; P = .003).

DISCUSSION

The findings of this study demonstrated that a significantly
higher proportion of patients who sustained ACL tears had
increased baseline knee hyperextension compared with
those who sustained tibial spine fractures. Interestingly,
we found that skeletal maturity plays a role in those
patients with open physes and that increased knee hyper-
extension was more likely to sustain ACL tears than tibial
spine fractures. However, the difference in the proportion
of patients with closed physes who sustained an ACL
tear compared with a tibial spine fracture with increased
knee hyperextension was equivocal.

While previous studies have evaluated how loading con-
ditions and biomechanical properties of the knee influence
the different injury types, few studies have directly evalu-
ated the contributions of knee hyperextension or ligamen-
tous laxity to tibial spine fractures and ACL tears.30,42 This
distinction is important, as many studies have shown that
generalized joint laxity places young adolescents at
a higher risk for both ACL rupture and ACL reconstruction
failure.20,21,23,29,31,39 Furthermore, using a simple and
common clinical test to identify at-risk populations due to
hyperextension allows for informed training, therapeutic
exercises, and selective risk reduction via targeted preven-
tion strategies. To take appropriate preventative measures
as well as accurately discuss injury outcomes, providers
must understand the nonmodifiable risk factors that place
patients at a higher risk for injury.35 This association with
baseline knee hyperextension may account for some of the
variation in injury patterns in the skeletally immature
knee. Additional factors that may contribute to these dif-
ferent injury patterns include developmental anatomy,
growth rate, muscle and tendon imbalances, and neuro-
muscular control.

While this study demonstrated that baseline knee
hyperextension was associated with injury type, this
increased knee motion did not appear to influence postop-
erative knee stiffness in either study arm. One of the major
concerns after tibial spine fractures is arthrofibrosis and
postoperative stiffness, particularly the inability to achieve
full knee extension.10,17,28 Theoretically, this stiffness
could be overlooked in patients who have baseline hyperex-
tension or ligamentous laxity. Our study found no differ-
ence in the absolute amount of knee extension lost
between patients with ACL tears versus tibial spine inju-
ries. In addition, the proportion of patients who lost postop-
erative knee extension or required reoperation for knee
stiffness was not significantly different between the 2
groups. These results suggest that there is no absolute
value difference between patients who had ACL tears

TABLE 3
Proportion of Patients with Knee Hyperextension

or Generalized Ligamentous Laxity by Injury Typea

Variable
Tibial Spine

Fracture
ACL
Tear

P
(2 sided)

All patients
Hyperextension .3� 24 (19/81) 36 (115/324) .047
Generalized laxity 11 (6/53) 26 (60/228) .02

Patients aged \15 years with open physes
Hyperextension .3� 18 (10/57) 39 (88/227) .003
Generalized laxity 5 (2/38) 27 (48/177) .003

Patients aged �15 years with open physes
Hyperextension .3� 46 (6/13) 27 (14/52) .196
Generalized laxity 43 (3/7) 23 (6/26) .358

aData are presented as % (n/total). Bold P values indicate a sta-
tistically significant difference between the study groups (2-sided
Fisher exact test; P \ .05). ACL, anterior cruciate ligament.

TABLE 4
Association of Relevant Patient and Injury

Characteristics with Injury Typea

Variable OR (95% CIb) P

Female sex 2.33 (1.3-4.2) .004
Race .15

White —
Black 0.48 (0.26-0.9)
Asian 0.62 (0.16-2.4)
Hispanic 0.64 (0.15-2.7)
Other 1.5 (0.48-4.735)

BMI 1.1 (1.03-1.17) .003
Noncontact injury 2.3 (1.37-3.9) .002

aORs are for the likelihood of sustaining an ACL tear versus a tib-
ial spine fracture . Bold P values indicate statistical significance (P
\ .05). ACL, anterior cruciate ligament; OR, odds ratio.

bWald confidence interval.
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and tibial spine fractures in postoperative stiffness; none-
theless, there may be a perceived difference since patients
with ACL tears have more hyperextension at baseline.
While patients with tibial spine fractures may anecdotally
appear to lose more knee extension, the absolute degrees of
motion lost were similar to those of patients with ACL
tears and may be more apparent because those patients
are stiffer overall. There was no statistically significant dif-
ference between the 2 groups regarding the patient’s need
for additional surgery due to the functional impact of the
loss of motion.

The study results also revealed that patients who sus-
tained a noncontact mechanism of injury were twice as likely
to have an ACL tear compared with a tibial spine fracture.
Historically these 2 injuries were thought to share the
same mechanism of injury.1,4,41 While earlier studies have
shown that patients with ACL tears are more likely to
have a noncontact mechanism of injury,8 no studies have
directly compared the mechanism of injury patterns between
tibial spine fractures and ACL tears. Recent studies have
demonstrated that bicycling accidents and sports injuries
were the most common cause of tibial spine fractures in ado-
lescents.5 Furthermore, there is a reported difference in the
type of sports injury leading to these 2 injury patterns.26

Football was the most common sport leading to tibial spine
fractures and soccer was the most common for ACL tears.
These studies lend credence to our results as well, given
the risk of higher impact contact injuries in football com-
pared with the known pivoting and noncontact injuries
endured playing soccer. Because of the increased participa-
tion in youth sports and sports specialization, continued clini-
cian awareness of how the type of sport and mechanism of
injury influence the injury pattern can lead to improved diag-
nosis and prognostic predictions for each patient.

Women were over 2 times more likely to sustain an ACL
tear compared with a tibial spine fracture. Given that pre-
vious epidemiologic data have shown that men are more
likely to sustain tibial spine fractures, and women are
more likely to sustain ACL injuries, our cohorts mirror
these differences between the injury types.5,14 Last,
increased BMI was associated with ACL tears. Elevated
BMI and height have been considered to be risk factors
for ACL tears.26 While elevated BMI may increase the
force of injury, it is unclear how BMI definitively plays
a role in increasing the risk for ACL tears. Our study
was aligned with earlier studies comparing tibial spine
fractures and ACL tears and demonstrated that patient
race was not associated with injury types.26

Limitations

Aside from the limitations inherent in any retrospective
study, we acknowledge that this study has additional
limitations. Notably, contralateral (uninjured) knee
hyperextension was used as a surrogate for preinjury
hyperextension of the injured knee. While the posttrau-
matic injured knee could not be assessed preoperatively
given pain, guarding, and swelling, it is conceivable that
there may be a baseline difference in motion and laxity
between the knees. Since previous studies have

documented relative symmetry in laxity between
a patient’s left and right knee at baseline,7,16,18,38 the
assumption was made that the contralateral (uninjured)
knee can serve as a valid proxy. Our study initially sought
to use Beighton scores on every patient, as a systemic and
standardized evaluation of ligamentous laxity. However,
this measure was insufficient to analyze and draw any
meaningful conclusions due to limited clinical documenta-
tion.6 Nevertheless, systemic evaluations may overlook
hyperextension or ligamentous laxity of the knee, as there
are likely patients who have isolated knee hyperextension
without an abnormal Beighton score. Furthermore, knee
motion was measured via visual assessment by each ortho-
paedic surgeon. While using a goniometer would have
increased the precision of the study, the visual assessment
allowed surgeons to follow their standard clinical work-
flow. Future studies could add goniometer measurements
into the evaluations.

Aside from knee hyperextension, which could be objec-
tively measured, a second variable used in this study was
the surgeon’s comment on the patients’ generalized liga-
mentous laxity. While this was a complementary marker
of knee laxity and the results mirrored the knee hyperex-
tension, it will be important for future studies to compare
the results to a systemic measure like the Beighton score.

CONCLUSION

The findings of this retrospective matched-cohort study
demonstrated that skeletally immature patients with
knee hyperextension may be more at risk for ACL injuries
than tibial spine fractures. Postoperative loss of knee
extension is comparable between the injury patterns, and
the need to return to the operating room (for exam or
manipulation under anesthesia, lysis of adhesions, or
removal of loose body) to address loss of knee motion is
similar between the groups. Furthermore, a contact mech-
anism of injury is associated with a higher risk of sustain-
ing a tibial spine fracture compared with an ACL tear.
These findings highlight the importance of conducting
a thorough history and physical examination—
including understanding the mechanism of injury. This
information may help manage postoperative expectations,
while future studies can explore direct injury prevention
strategies in these patient populations.
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APPENDIX

TABLE A1
Proportion of Patients Who Lost Knee Extension Postoperatively According to Injury Typea

Variable Tibial Spine Fracture ACL Tear P (2 sided)

Patients with a minimum 6-month follow-up
Loss of .3� 26 (12/46) 37 (102/274) .144b

Loss of .5� 20 (9/46) 28 (77/274) .227c

Loss of .10� 6.5 (3/46) 6.6 (18/274) �.999c

Patients with a minimum 9-month follow-up
Loss of .3� 27 (9/34) 40 (86/216) .136b

Loss of .5� 21 (7/34) 31 (66/216) .235c

Loss of .10� 6 (2/34) 7 (16/216) �.999c

Patients with a minimum 12-month follow-up
Loss of .3� 27 (7/26) 38 (53/139) .276b

Loss of .5� 23 (6/26) 30 (41/139) .506b

Loss of .10� 8 (2/26) 7 (10/139) �.999c

aData are presented as % (n/total).
bPearson chi-square test.
cFisher exact test.
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