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Purpose To investigate the clinical results and patient-reported outcomes following surgical treat-
ment for triangular fibrocartilage complex (TFCC) tears in the pediatric and adolescent population.

Methods We reviewed 149 patients with 153 arthroscopy-confirmed TFCC tears. Mean age at
surgery was 15.5 years (range, 7—19 years). There were 86 females. Plain radiographs and
magnetic resonance imaging were used to characterize bony and soft tissue pathology. Mayo
Modified Wrist Score (MMWS) and Patient-Reported Outcomes Measurement Information
System (PROMIS) Upper Extremity Short Form assessed functional outcomes. Median pa-
tient follow-up was 21.8 months (IQR:5.9-55.4).

Results Pre-operatively, all patients had wrist pain or instability with activities. The median pre-
operative MMWS was 80 (interquartile range [IQR], 65—90). Fifty-six (35%) presented with
positive ulnar variance. Concomitant pathology included distal radioulnar joint (DRUJ) instability
(14%), ulnocarpal impaction (20%), ulnar styloid nonunion (33%), and distal radius growth arrest
(30%). On arthroscopy, there were 15 (10%) isolated 1A, 79 (52%) 1B, 1 (1%) 1C, 30 (20%) 1D
tears, and 25 (16%) cases of multiple tears. Twenty-six percent of wrists underwent TFCC
debridement, 68% arthroscopy-assisted repair, 6% both for combined tears. Fifty-one percent of
wrists underwent bony procedures—most commonly ulnar-shortening osteotomy to achieve
neutral ulnar variance (40%) and symptomatic ulnar styloid nonunion excision with concomitant
TFCC repair (39%). At final follow-up, pain, wrist range of motion, DRUIJ stability, ulnar variance,
and MMWS (median, 95 [IQR, 86.5—100]) improved significantly. The median PROMIS T-score
at final follow-up was 57 (IQR, 45—57). The MMWS was better in those with concomitant bony
procedures at index surgery than those with only repair or debridement of TFCC tears.

Conclusions Most pediatric TFCC tears are posttraumatic and peripheral. Surgical treatment of
TFCC tears and concomitant pathology in the pediatric and adolescent population results in
decreased pain, improved motion and stability, and excellent functional outcomes in the
majority of patients. (J Hand Surg Am. 2020;45(5):449.el-e9. Copyright © 2020 by the
American Society for Surgery of the Hand. All rights reserved.)

Type of study/level of evidence Therapeutic IV.

Key words Athlete, pediatric, TFCC, ulnar wrist pain, wrist arthroscopy. ‘), Online

2> Exclusive

(TFCC) functions as a load-bearing surface =~ mechanical symptoms during forearm motion, pain
across the ulnocarpal joint and as a primary  with forceful grip and ulnar deviation, and DRUJ
stabilizer of the distal radioulnar joint (DRUJ)." A instability.” Palmer’ classified acute TFCC tears into

T HE TRIANGULAR FIBROCARTILAGE complex  TFCC injury may lead to ulnar-sided wrist pain,
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TFCC TEARS IN PEDIATRIC POPULATION

4 subtypes based on tear location, aiding diagnosis
and management.

The rich vascular supply to the outer 10% to 40%
of the TFCC make peripheral lesions more amenable
to surgical repair relative to central or radial-sided
tears.” Peripheral TFCC repair is most commonly
treated with arthroscopy-assisted techniques.” '?
Central tears are most often treated with debride-
ment. Existing literature has mainly focused on TFCC
injuries in adults, with limited retrospective case series
describing treatment in the pediatric and/or adolescent
population.'*"” With rising sports participation, there
appears to be either an increasing incidence or diag-
nosis of TFCC tears in the younger population.

The purpose of this study was to characterize the
clinical results and patient-reported outcomes
following surgical treatment for TFCC tears in the
pediatric and adolescent population. The secondary
aim was to compare outcomes across injury patterns,
including tear location, presence of concomitant bony
pathology, and surgical treatment methods, including
TFCC repair and/or debridement. We hypothesized
that surgery for TFCC tears would result in decreased
pain and improved functional outcomes but outcomes
would vary based on injury characteristics and that
TFCC repairs would result in superior outcomes
compared with debridement.

MATERIALS AND METHODS

A retrospective review approved by our institutional
review board was performed of patients 19 years old
and younger who underwent surgical repair or
debridement for TFCC tears at a high-volume, ter-
tiary care, academic children’s hospital between
January 2000 and January 2016. We identified 149
patients with 153 arthroscopy-confirmed TFCC tears.
There were 86 females and 63 males. The right wrist
was affected in 70 patients, and the left in 83 patients.
Four patients had bilateral TFCC tears. Symptoms
were present prior to surgical intervention for a me-
dian of 6 months (interquartile range [IQR], 1.6—12.2
months). The mean age at surgery was 15.5 years
(range, 7—19 years). The median follow-up was 21.8
months (IQR, 5.9—55.4).

History and physical examination were performed
and documented by 1 of 2 orthopedic surgeons
fellowship-trained in both pediatric orthopedics and
hand surgery (P.M.W. and D.S.B.). Historical and
physical examination features were collected at pre-
and postoperative clinical visits (Table 1). The DRUJ
stability was assessed using the DRUJ ballottement
test with comparison with the contralateral side. Pain

at rest and during activity was assessed using a cate-
gorical scale of no pain, mild pain, moderate, or severe
pain. Surgical complications such as TFCC re-tear
(seen on magnetic resonance imaging [MRI] or repeat
arthroscopy), infection, nonunion following corrective
osteotomy, DRUJ instability, recurrent pain, and ulnar
dorsal sensory nerve injury were recorded.

Preoperative plain radiographs of the wrist were
available in 87% (n = 133) of cases because some
preoperative radiographs from outside hospitals could
not be located. Radiographs were used to measure
radial inclination and ulnar variance according to
Steyer’s method of perpendiculars. Radiographs were
examined for concomitant pathology, such as ulnar
styloid nonunion/malunion, DRUJ malalignment on
standardized views, and radial growth arrest. Preop-
erative advanced imaging with MRI was performed
in 101 wrists, and magnetic resonance arthrography
in 14 wrists. T2 sequences were used to assess for the
presence and location of a TFCC tear. The TFCC
tears were categorized using the Palmer classifica-
tion.” Patients with more than 1 tear were categorized
as having multiple tears.

Patients with persistent ulnar-sided wrist pain and/
or functional limitations with radiographic and/or
MRI evidence of ulnar wrist pathology who failed 6
months of nonsurgical treatment underwent surgery.
Prior to surgical intervention, patients underwent
standardized nonsurgical ~management, which
included activity modification, orthosis wear, anti-
inflammatories, corticosteroid injection, and/or
physical therapy. A diagnosis of TFCC tear was
made during surgery via diagnostic wrist arthroscopy.

Overall, 132 wrists underwent arthroscopic repair
or debridement, and 21 underwent an open repair of
the TFCC. Fourteen of 21 were combined procedures
in which diagnostic arthroscopy was followed by an
open TFCC repair owing to the presence of
concomitant pathology.

Wrists with 1A tears underwent arthroscopic
debridement. Complete 1B peripheral tears were
repaired with an outside-in technique.'® Open 1B
repairs were performed in some patients who under-
went concomitant bony procedures, extensor carpi
ulnaris stabilization, or capsulodesis.'” When there
was persistent DRUJ instability after the TFCC
repair, the repair was reinforced with a flap of fifth
and sixth dorsal extensor retinaculum. '’

Complete 1C tears underwent repair whereas par-
tial tears underwent debridement.”’ Generally, com-
plete 1D tears also underwent repair whereas partial
1D tears underwent debridement. Our preference was
to repair any 1C or 1D tear if deemed feasible upon
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Characteristic Frequency %
Dominant wrist affected 65 50
Prior sport-related trauma 102 67
Prior distal radius and/or ulnar 85 56

fracture
Age at wrist fracture (y), mean 12.8 2.9
(SD)
Moderate/severe pain with 127 91
activity
Pain at rest 54 35
Pain score at rest, mean (SD) 1.9 2.7
Physical examination
Pain with hyperpronation/ 88 57
hypersupination
Ulnar-sided tenderness 140 92
Restricted wrist ROM* 27 21
DRUIJ instability 21 14
ECU subluxation or tenderness 11 7
Preoperative MMWS, median 80 65—90
IQR)
Imaging
Positive ulnar variance 54 35
Ulnocarpal impaction 31 27
Premature distal radius growth 36 30
arrest
Ulnar styloid nonunion 50 33
TFCC tear appreciated on 102 89
MRI/MRA
TFCC tear incorrectly 41 35
identified on MRI/MRA
ECU tendinitis 9
Intercarpal ligament tear’ 4

ECU, extensor carpi ulnaris; MRA, magnetic resonance angiogram.
*Restricted wrist ROM defined as <120° arc of motion or <90% of
the contralateral side.
FThree scapholunate and 1 lunotriquetral.

arthroscopic evaluation. For those who underwent
arthroscopy-assisted repair, an outside-in, transradial
repair was performed.”’

Patients with ulnar-sided wrist pain and greater
than 1 mm of positive ulnar variance underwent an
ulnar neutralization procedure by either ulnar-
shortening osteotomy (USO), excision of ulnar sty-
loid nonunion, or hypertrophic union to 1- to 2-mm
negative variance to avoid persistent pain and/or
recurrent TFCC tear (Fig. 1). Patients with gross
DRUI instability after TFCC repair with or without
USO underwent open DRUIJ stabilization using the
extensor retinaculum (Herbert sling).22

After surgery, patients were immobilized in an
above-elbow cast for 4 weeks, followed by an addi-
tional 2 weeks of below-elbow casting. Physical
therapy was initiated at 6 weeks after surgery for
range of motion (ROM), isometric then isotonic
strengthening, scar management, and proprioceptive
retraining. Questionnaires were used to assess patient
functional outcomes. The Modified Mayo Wrist
Score (MMWS) is a 100-point score divided among
pain, active flexion/extension as percentage of the
opposite side, pronation/supination, and ability to
return to daily and recreational activities.'”*” The
MMWS was collected both before and after surgery.
After surgery, 38% (n = 57) of all patients were
contacted by phone to fill out the questionnaire. Pa-
tients (or their guardians if patients were younger
than 18 years at the time of contact) were given
verbal instructions over the phone on how to measure
pronation/supination, flexion/extension, with the help
of the illustration depicted in Appendix A (available
on the Journal’s Web site at www.jhandsurg.org).
For 49 patients who were unable to be contacted via
phone, clinic notes with specific information
regarding activity level, ROM, and pain were used to
assess for postoperative MMWS at final follow-up.
The Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS) Upper Extremity Short
Form (patient form) is a health outcome tool sup-
ported by the National Institutes of Health. It is
shorter than the computerized adaptive test in order to
reduce response burden and has shown good corre-
lation with the computerized adaptive test (Appendix
A; available on the Journal’s Web site at www.
jhandsurg.org).”* Fifty-seven patients were con-
tacted by phone to fill out this PROMIS question-
naire. Length of follow-up was defined as either final
telephone conversation or final clinic visit, if patient
was unable to be reached via phone.

A power analysis determined that samples of 10 or
20 would provide 80% power to detect differences of
10 points in MMWS and PROMIS outcome scores
assuming SDs of 10 and 15, respectively, using a
paired ¢ test with alpha set to 5%. In the event that the
data are substantially affected by ceiling effects and
are skewed in nature, a nonparametric signed-rank
test would require a similar number of subjects for
comparable power. In addition, sample sizes of 30 to
56 subjects would provide 80% power to detect 30%
differences in binary outcome measures from preop-
erative to postoperative based on McNemar’s test
with alpha set to 5%.

Injury and treatment characteristics were summa-
rized at preoperative and postoperative time points by
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Ulnar-sided wrist
pain with > 1-mm
positive variance

Ulnar physis open and
radial physis closed

Ulnar physis closed

USO + distal

uso
ulnar epiphyseodesis

A

Ulnar styloid base

Radial inclination nonunion or
<10° positive variance
malunion

Corrective radial
osteotomy and/or
lengthening

B o

Ulnar styloid excision
or ORIF

FIGURE 1: Surgical algorithm for performing A USO with or without distal ulnar epiphysiodesis. If the patient has clinical and/or
radiographic evidence of ulnocarpal impaction and >1 mm of positive variance, USO is performed. B Corrective radial osteotomy and/

or lengthening. C Ulnar styloid excision or open reduction internal fixation (ORIF) of ulnar styloid.

mean and SD or median and IQR (as appropriate) for
continuous and ordinal characteristics and by fre-
quency and percent for categorical characteristics
(Table 1). Improvement in pain and ROM measure-
ments from preoperative to postoperative and char-
acteristics of those who did versus did not undergo
additional surgery were assessed using a signed-rank
test or paired ¢ test based on data distribution.
Improvement in the ability to perform daily activities
and instability was assessed using the McNemar test.
Fisher exact or chi-square tests were used to evaluate
differences in proportions of dichotomous variables
based on data distribution. The MMWS and PROMIS
Upper Extremity scores were summarized for all
cases and by tear (IA, IB, IC, or ID) and treatment
(repair vs debridement) type. General linear modeling
was used to assess the effect of tear type, bony
involvement, and treatment (repair vs debridement)
type on outcomes.

RESULTS
Presentation and surgery

Presenting features can be seen in Table 1. Of note,
56% of all patients had prior wrist trauma resulting in
a distal radius and/or ulna fracture. On diagnostic
arthroscopy, most TFCC tears were peripheral ulnar
1B (52%) and radial 1D (20%) tears (Table 2).
Interestingly, preoperative MRI incorrectly identified
the Palmer tear type in 35% (41 of 116) of wrists after
confirmation of tear type by diagnostic arthroscopy.
Twenty-six percent (n = 40) of wrists underwent
TFCC debridement, 68% (n = 105) repair, and 6%
(n = 9) both (Table 2). The 1A tears underwent

debridement (except 1). All patients with complete
1B tears (73 of 73) underwent repair; 56 of 73 (77%)
had arthroscopy-assisted outside-in repairs, and 17 of
73 (23%) underwent open repairs owing to
concomitant procedures. The 1C tears were rare in
this population (n = 1). Nineteen of 30 (63%) 1D
tears underwent arthroscopy-assisted transradial
repair. The other 11 (37%) 1D tears underwent
debridement; 10 were partial 1D tears, and 1 was a
complete, unrepairable 1D tear that was debrided
(Table 2).

Thirty percent of patients had premature distal
radius growth arrest, and 32% had an ulnar styloid
nonunion. Bony procedures were done in 51% (n =
78) of wrists at index surgery (Fig. 2 and Table 2).
Eighty-nine percent (50 of 56) of those with positive
ulnar variance underwent a corrective bony proced-
ure; 45 USOs, 2 ulnar styloid nonunion excision, and
3 corrective radial osteotomy. Of the 50 with ulnar
styloid nonunion, 35 underwent ulnar styloid
nonunion excision, 6 underwent USO, 1 corrective
radial osteotomy, and 1 open reduction internal fix-
ation of nonunion.

Reoperations

Following index surgery, 29 of 153 (19%) of wrists
had persistent or recurrent pain and underwent addi-
tional procedures (Fig. 3). Four wrists underwent a
second repair of the TFCC owing to reinjury during
sports participation. Patients who underwent addi-
tional surgeries were significantly younger (14.7 +
1.9 years vs 15.7 £ 2.4 years; P < .05) and more
likely to be female (79%) than those without addi-
tional surgeries (P < .05).
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Included in the 29 of 153 who underwent addi-
tional procedures, 7 of 43 (16%) USO patients had
subsequent plate removal owing to implant irritation.
Breakdown of surgeries can be seen in Figure 4.

Postoperative dlinical results and functional outcomes

At final clinical follow-up (median, 15.4 months),
pain, DRUJ stability, and ulnar variance (to —0.2
mm [SD, 1.07]) significantly improved (P < .05)
(Table 3). The final median MMWS improved
significantly as well (P < .05). Twenty-three (18%)
patients reported moderate (n = 21) or severe (n =
2) pain with activity. In this specific cohort of pa-
tients, pain improved from a median of 65 (poor)
before surgery to 80 (fair) after surgery.

There were 65 (61%) excellent MMWSs, 21
(20%) good scores, 12 (11%) fair scores, and 6 (6%)
poor scores at final follow-up. In the 6 patients with
poor MMWSs, pain and limited ROM were the is-
sues, although their level of activity improved at
final follow-up. Patients who only underwent TFCC
surgery without concomitant surgery also had good
to excellent outcomes (Fig. 4) and a median MMWS
that improved from 85 before surgery to 93 after
surgery (P = .14).

The median PROMIS ¢ score at final follow-up
(n = 57) was 57 (IQR, 45—57). All patients
returned to either full (83%), restricted (7%) or low-
demand (9%) functional/athletic activities at a me-
dian of 4.1 months after surgery (IQR, 3.6—5.3). Of
note, 1 patient refractured after implant removal and
was treated successfully with casting and 1 patient
with a superficial skin infection after surgery was
treated with oral antibiotics.

Associations/predictors of outcomes

Postoperative MMWSs were better in patients who
underwent concomitant bony procedure at the index
procedure surgery (100; IQR, 95—100) compared
with those who had soft tissue repairs only (95; IQR,
85—100; P < .05). In addition, although conclusions
are limited by small sample sizes within subgroups,
we were not able to detect in difference in MMWS,
rate of return to sport, or pain when comparing
repair and debridement or when comparing tear
types (Table 4).

DISCUSSION

Triangular fibrocartilage complex injuries can cause
considerable ulnar-sided wrist pain and DRUJ
instability in the pediatric and adolescent pop-
ulation.”” *’ Limited literature exists on the pre-
sentation and surgical management of these injuries
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1C (1) 1D (30) Multiple (25)*

1B (79)
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Frequency (%) Frequency (%) Frequency (%) Frequency (%)

Frequency (%)

Procedure

<.05
<.05

23 (92)
15 (60)

20 (67)
19 (63)

00
00
0 (0)
00
0 (0)
0(0)
00

73 (94)
74 (95)
18 (23)
29 (37)
0 (0)

13 (87)

Complete tear (vs partial)
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1(7)

Repair (vs debridement)

USoO

49
<.05

8 (32)
10 (40)
0 (0)

9 (30)
2
1.3)
2
1.3)
2.(7)

6 (40)
0 (0
0 (0)
L
L

Ulnar styloid nonunion excision

ORIF ulnar styloid

40
91

3 (12)

0 (0)

8 (10)
5 (6)

Ulnar epiphysiodesis

.16
48

Corrective radial osteotomy

DRUJ stabilization

14

1 (100)

8 (10)

2 (13)

ORIF, open reduction internal fixation.

*Multiple TFCC tears.
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. C

FIGURE 2: A Preoperative plain radiograph reveals distal radius growth arrest, positive ulnar variance, and ulnar styloid nonunion. B
Preoperative coronal MRI shows increased signal in the TFCC and mild marrow edema of the lunate. C Plain radiograph of the wrist

status post USO with plate fixation and neutral ulnar variance.

153 wrists
underwent TFCC
repair/debrideme

29 of 153 (19%) wrists
underwent
additional surgery*

9 bony procedures
3 USO
5 corrective radial
osteotomies
1 ulnar styloid nonunion
excision

19 arthroscopic
debridement of
synovitis, chondral
lesions and/or
TFCC partial tear

10 soft tissue procedures
4 TFCC repairs
3 intercarpal ligament
reconstructions
2 ECU stabilizations
1 DRUJ stabilization

FIGURE 3: Additional procedures for patients with persistent wrist pain following index surgery. ECU, extensor carpi ulnaris, *Some

wrists underwent more than 1 procedure.

in younger patients. The majority of our patients
presented with additional pathology; in particular,
51% underwent concomitant bony procedures. Tre-
han et al'’ reported 49% of patients with concomitant
pathology and 16% with additional bony procedures.
Our higher numbers are likely attributable to more
patients (56%) presenting with acute trauma.

Failure to recognize and address frequently
observed concomitant bony deformity at presenta-
tion, such as positive ulnar variance or nonunion,
may lead to suboptimal postoperative outcomes. In
our cohort, patients who underwent concomitant
bony procedures at index surgery had superior
postoperative MMWSs than those with only soft

J Hand Surg Am. « Vol. 45, May 2020
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153 wrists with
TFCC tear

41 of 153 (27%) wrists
underwent TFCC
repair or
debridement only

112 of 153 (73%) wrists
underwent
concomitant bony
and/or soft tissue

surgery

23 concomitant bony and soft
27 concomitant soft tissue . tissue* procedure
62 concomitant bony
procedure only* d v Uso: 8
procedure onlyT
ICLR: 1 r°°‘; s‘g? 3‘;“ CRO: 2
ICLD: 10 : USNE: 14
CRO: 11
DRUJ: 4 USNE: 99 EPI:3
ECU: 8 EPI: '13 ICLD: 11
’ UCLR: 1
DRUJ: 11

FIGURE 4: Flowchart depicts overall breakdown of surgeries, specifically, TFCC-only repair/debridement versus TFCC surgery with

concomitant bony and/or soft tissue procedure(s). *Soft tissue procedures listed include intercarpal ligament reconstruction (ICLR) or

debridement (ICLD), DRUJ stabilization, ulnocarpal ligament repair (UCLR), and extensor carpi ulnaris (ECU) stabilization/repair.
tBony procedures listed include USO, corrective radial osteotomy (CRO), ulnar styloid nonunion excision (USNE), and epiphysiodesis

(EPI).

TABLE 3. Pre- and Postoperative Clinical and Functional Parameters*

Parameter Preoperative After Index Final Postoperative” P Value
Moderate/severe pain with activity, n (%) 96/105 (91) 46/132 (35) 23/126 (18) <.05
Restricted active wrist ROM, n (%) 22/126 (17) - 20/136 (15) .36
DRUJ instability, n (%) 21/153 (14) - 3/153 (2) <.05
MMWS, median (IQR) 80 (65—90) 95 (85—100) 95 (86.3—100) <.05
Ulnar variance (mm), mean (SD) 3.0 (2.5) - —0.2 (1.07) <.05

*Data are presented as the proportion out of subjects with available data and corresponding percent, unless stated otherwise.

FOverall scores after index surgery.
+Overall scores after any additional surgeries.

tissue procedures. Fishman et al'® analyzed out-

comes after TFCC surgery in 22 young athletes
and also had a substantial number of patients who
underwent concomitant bony procedures; 32% of
their cohort underwent concomitant USO. It is
unclear to what extent these improved outcomes
are attributable to TFCC surgery versus bony pro-
cedures such as USO, given the frequency in which
these conditions occur together. However, our
positive results when looking at TFCC surgery
alone lead us to believe that addressing both
soft tissue and bony pathology is key to maxi-
mizing outcomes. In contrast to our findings,

Fishman et al'® actually reported positive results
in TFCC surgery with subsequent development
of asymptomatic positive ulnar variance and
state that it is unclear whether ulnar shortening is
necessary.'’

After index surgery, 19% of patients had
persistent pain requiring additional procedures.
After additional surgery, the percent with moderate
to severe pain decreased. This reoperation rate is
similar to prior reports.” Of note, 3 patients
required subsequent USO to relieve their pain and
restore higher-level function. For this reason, we
support that index USO should achieve neutral or

J Hand Surg Am. « Vol. 45, May 2020
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TABLE 4. Breakdown of Postoperative MMWS

MMWS Domain Frequency %

Pain

No pain 70 56

Mild pain 34 27

Moderate 20 16

Severe pain 2 2

Total 126 100
Functional status

Full return to activity 91 83

Restricted return to activity 8

Different/lower demand activity 10

Unable to return to activity 0

Total 109 100
Flexion/extension

(percent of normal)

90—100 98 80

80—89 12 10

70—79

50—69

25—49

0—24 0

Total 122 100
Pronation/supination

(percent of normal)

90—100 107 88

80—89 6

70—79 7

up to 2 mm negative ulnar variance because even
minimal positive variance may be symptomatic.
Overall, surgical treatment of TFCC tears along
with concomitant pathology achieved good to
excellent outcomes in 81% of all patients, with sig-
nificant improvements in clinical parameters. Prior
studies, most of which were performed in adult
populations with peripheral TFCC tears, published
similar results for TFCC surgery using the
MMWS.>'*?® Farr et al'’ reported on 12 patients
(mean age, 16.3 years) treated with arthroscopy-
assisted repair of peripheral TFCC tears. At mean
1.3-year follow-up, mean MMWS improved from 65
to 88, 77% with good to excellent scores.'*
Deciding between repair and debridement of a
TFCC tear is predicated on the vascular supply of the
TFCC, which has been well documented. Treatment
of radial ID tears remains controversial, however, and
initial studies supported debridement owing to con-
cerns about vascular supply to the radial attachment.”

More recent studies on 1D repair have shown good
healing potential and a significant decrease in pain;
indeed, some authors advocate repair when possible,
although surgical techniques are complex and
continue to evolve.””'*”*" Fishman et al'® and Tre-
han et al'” had 23% and 7% of patients with 1D tears,
respectively. Both studies reported that all 1D tears
underwent debridement. Our study shows positive
outcomes between patients treated with transradial
repair of complete 1D tears (n = 19) or debridement
of partial tears (n = 11) in the younger population.
There were a number of limitations to this study.
First, the majority of our patients had concomitant
pathology, making it difficult to attribute all out-
comes to repair of the TFCC. However, our study
demonstrates that, in those with additional pathol-
ogy, it is important to address all injuries to achieve
the best results, particularly those patients with
bony pathology. Another limitation was related to
the detection of foveal tears. These are important
pathological findings that can influence presenta-
tion, surgical strategies, and response to treatment.
However, we were unable to specifically address
this issue: given (1) there was not universal recog-
nition of the importance of foveal disruption at the
time this study first started, (2) not all patients had
high-resolution preoperative imaging to identify
deep fiber tears, (3) diagnostic arthroscopy was
performed of the radio- and ulnocarpal joints (not
DRUIJ), and thus, the ligamentum was not visual-
ized or routinely assessed in all patients. Further-
more, given the retrospective nature of data
acquisition, not all preoperative clinical data and
radiographic imaging studies were available—this
was a small percentage of patients and unlikely to
affect the study conclusions. Also inherent in our
retrospective methodology is that complication rates
should be considered estimates and represent mini-
mum risk, given that patients who were lost to
follow-up may have received treatment elsewhere.
In obtaining functional outcome scores, the varia-
tion in which we obtained postoperative outcome
measures is another weakness of the study. Some
patients had their MMWS obtained in their last clinic
visit, whereas others were contacted via phone. To
achieve the most accurate scores, we scripted verbal
instructions over the phone and provided patients (or
their guardians) with a diagram and written in-
structions (Appendix A; available on the Journal’s
Web site at www.jhandsurg.org). Furthermore, the
PROMIS pediatric Upper Extremity Short Form was
used for all patients, even those outside of the vali-
dated age range at final follow-up because an adult
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Upper Extremity PROMIS form did not exist at the
time surveys were distributed. This may have
contributed to higher PROMIS scores and a ceiling
effect. Such an effect is unlikely with the MMWS,
given the objectivity of the score such as ability to
return to prior levels of activity/sport and ROM.”'
There are no studies assessing the minimal clini-
cally important difference of the MMWS.

The clinical and functional outcomes presented
here support our current surgical algorithm for
different tear types as described.”*'*'* We believe
that proper patient selection, consideration of tear
type, and meticulous surgical technique account for
our positive results for repair or debridement of
each tear type, along with addressing concomitant
injuries.

REFERENCES

1. Palmer AK, Werner FW. The triangular fibrocartilage complex of the
wrist—anatomy and function. J Hand Surg Am. 1981;6(2):153—162.

2. Raskin KB, Beldner S. Clinical examination of the distal ulna and
surrounding structures. Hand Clin. 1998;14(2):177—190.

3. Palmer AK. Triangular fibrocartilage complex lesions: a classifica-
tion. J Hand Surg Am. 1989;14(4):594—606.

4. Bednar MS, Arnoczky SP, Weiland AJ. The microvasculature of the
triangular fibrocartilage complex: its clinical significance. J Hand
Surg Am. 1991;16(6):1101—1105.

5. Bayoumy MA, Elkady HA, Said HG, El-Sayed A, Saleh WR. Short-
term evaluation of arthroscopic outside-in repair of ulnar side TFCC
tear with vertical mattress suture. J Orthop. 2016;13(4):455—460.

6. Estrella EP, Hung LK, Ho PC, Tse WL. Arthroscopic repair of
triangular fibrocartilage complex tears. Arthroscopy. 2007;23(7):
729—737.el.

7. Wysocki RW, Richard MJ, Crowe MM, Leversedge FJ, Ruch DS.
Arthroscopic treatment of peripheral triangular fibrocartilage com-
plex tears with the deep fibers intact. J Hand Surg Am. 2012;37(3):
509—516.

8. Anderson ML, Larson AN, Moran SL, Cooney WP, Amrami KK,
Berger RA. Clinical comparison of arthroscopic versus open repair of
triangular fibrocartilage complex tears. J Hand Surg Am. 2008;33(5):
675—682.

9. Trumble TE, Gilbert M, Vedder N. Isolated tears of the triangular
fibrocartilage: management by early arthroscopic repair. J Hand Surg
Am. 1997;22(1):57—65.

10. Corso SJ, Savoie FH, Geissler WB, Whipple TL, Jiminez W,
Jenkins N. Arthroscopic repair of peripheral avulsions of the trian-
gular fibrocartilage complex of the wrist: a multicenter study.
Arthroscopy. 1997;13(1):78—84.

11. Papapetropoulos PA, Wartinbee DA, Richard MJ, Leversedge FJ,
Ruch DS. Management of peripheral triangular fibrocartilage com-
plex tears in the ulnar positive patient: arthroscopic repair versus
ulnar shortening osteotomy. J Hand Surg Am. 2010;35(10):
1607—1613.

12. Reiter A, Wolf MB, Schmid U, et al. Arthroscopic repair of Palmer
1B triangular fibrocartilage complex tears. Arthroscopy. 2008;24(11):
1244—1250.

13. Farr S, Grill F, Girsch W. Wrist arthroscopy in children and ado-
lescents: a single surgeon experience of thirty-four cases. Int Orthop.
2012;36(6):1215—1220.

14. Farr S, Zechmann U, Ganger R, Girsch W. Clinical experience with
arthroscopically-assisted repair of peripheral triangular fibrocartilage
complex tears in adolescents—technique and results. Int Orthop.
2015;39(8):1571—15717.

15. Terry CL, Waters PM. Triangular fibrocartilage injuries in pediatric
and adolescent patients. J Hand Surg Am. 1998;23(4):626—634.

16. Fishman FG, Barber J, Lourie GM, Peljovich AE. Outcomes of
operative treatment of triangular fibrocartilage tears in pediatric and
adolescent athletes. J Pediatr Orthop. 2018;38(10):e618—e622.

17. Trehan SK, Schimizzi G, Shen TS, Wall LB, Goldfarb CA. Arthro-
scopic treatment of triangular fibrocartilage complex injuries in
paediatric and adolescent patients. J Hand Surg Eur Vol. 2019;44(6):
582—586.

18. Frank RM, Slikker W, Al-Shihabi L, Wysocki RW. Arthroscopic-
assisted outside-in repair of triangular fibrocartilage complex tears.
Arthrosc Techn. 2015;4(5):e577—e581.

19. Garcia-Elias M, Smith DE, Llusa M. Surgical approach to the
triangular fibrocartilage complex. Tech Hand Up Extrem Surg.
2003;7(4):134—140.

20. Shih JT, Lee HM, Tan CM. Early isolated triangular fibrocartilage
complex tears: management by arthroscopic repair. J Trauma.
2002:53(5):922—-927.

21. Sagerman SD, Short W. Arthroscopic repair of radial-sided triangular
fibrocartilage complex tears. Arthroscopy. 1996;12(3):339—342.

22. Dy CJ, Ouellette EA, Makowski AL. Extensor retinaculum capsu-
lorrhaphy for ulnocarpal and distal radioulnar instability: the Herbert
sling. Tech Hand Up Extrem Surg. 2009;13(1):19—22.

23. Cooney WP, Linscheid RL, Dobyns JH. Triangular fibrocartilage
tears. J Hand Surg Am. 1994;19(1):143—154.

24. Waljee JF, Carlozzi N, Franzblau LE, Zhong L, Chung KC. Applying
the Patient-Reported Outcomes Measurement Information System to
assess upper extremity function among children with congenital hand
differences. Plast Reconstr Surg. 2015;136(2):200e—207e.

25. Adirim TA, Cheng TL. Overview of injuries in the young athlete.
Sports Med. 2003;33(1):75—81.

26. Farr S, Grill F, Ganger R, Graf A, Girsch W. Pathomorphologic
findings of wrist arthroscopy in children and adolescents with chronic
wrist pain. Arthroscopy. 2012;28(11):1634—1643.

27. Bae DS, Waters PM. Pediatric distal radius fractures and triangular
fibrocartilage complex injuries. Hand Clin. 2006;22(1):43—53.

28. Shinohara T, Tatebe M, Okui N, Yamamoto M, Kurimoto S,
Hirata H. Arthroscopically assisted repair of triangular fibrocartilage
complex foveal tears. J Hand Surg Am. 2013;38(2):271—277.

29. Cho CH, Lee YK, Sin HK. Arthroscopic direct repair for radial tear
of the triangular fibrocartilage complex. Hand Surg. 2012;17(3):
429—432.

30. Trumble T. Radial side (1D) tears. Hand Clin. 2011;27(3):
243-254.

31. Kim SJ, Lee BG, Lee CH, Choi WS, Kim JH, Lee KH. Comparison
of ceiling effects between two patient-rating scores and a physician-
rating score in the assessment of outcome after the surgical
treatment of distal radial fractures. Bone Joint J. 2015;97-B(12):
1651—1656.

J Hand Surg Am. « Vol. 45, May 2020


http://refhub.elsevier.com/S0363-5023(18)30007-8/sref1
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref1
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref1
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref2
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref2
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref2
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref3
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref3
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref3
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref4
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref4
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref4
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref4
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref5
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref5
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref5
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref5
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref6
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref6
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref6
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref6
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref7
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref7
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref7
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref7
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref7
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref8
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref8
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref8
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref8
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref8
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref9
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref9
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref9
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref9
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref10
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref10
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref10
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref10
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref10
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref11
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref11
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref11
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref11
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref11
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref11
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref12
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref12
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref12
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref12
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref13
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref13
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref13
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref13
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref14
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref14
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref14
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref14
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref14
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref15
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref15
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref15
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref16
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref16
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref16
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref16
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref17
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref17
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref17
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref17
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref17
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref18
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref18
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref18
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref18
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref19
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref19
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref19
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref19
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref20
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref20
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref20
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref20
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref21
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref21
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref21
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref22
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref22
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref22
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref22
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref23
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref23
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref23
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref24
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref24
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref24
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref24
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref24
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref25
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref25
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref25
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref26
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref26
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref26
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref26
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref27
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref27
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref27
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref28
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref28
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref28
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref28
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref29
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref29
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref29
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref29
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref30
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref30
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref30
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref31
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref31
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref31
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref31
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref31
http://refhub.elsevier.com/S0363-5023(18)30007-8/sref31

	Early Results of Surgical Treatment of Triangular Fibrocartilage Complex Tears in Children and Adolescents
	Materials and Methods
	Results
	Presentation and surgery
	Reoperations
	Postoperative clinical results and functional outcomes
	Associations/predictors of outcomes

	Discussion
	References


