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Purpose: Distal radius fractures (DRFs) are among the most common fractures and occur among all age
groups. Carpal tunnel syndrome (CTS) is a known sequela of DRFs, but its incidence is poorly understood.
This study was undertaken to determine the incidence of CTS following a DRF, with the hypothesis being
that CTS occurs more commonly after nonsurgical treatment of a DRF.
Methods: The TriNetX US Collaborative Network was queried for all patients diagnosed with DRFs from
January 2016 to December 2022. Cohorts were defined by inclusion and exclusion of the procedure
Current Procedural Terminology codes into surgical and nonsurgical groups and subsequent ICD-10
diagnosis codes of CTS. Statistical analysis was performed to determine differences in management
across the study period.
Results: A total of 39,603 patients met inclusion with a diagnosis of a DRF. The incidence of CTS within
one year of a DRF was 5.3%. Among all DRF cases, 10,279 (26%) patients underwent surgical treatment,
whereas 29,324 (74%) patients underwent nonsurgical treatment. The incidence of CTS in the surgical
group was 1194 (12%), whereas the incidence of CTS in the nonsurgical group was 915 (3%). Patients
undergoing surgical treatment for a DRF had a 9% risk of developing CTS, whereas patients undergoing
nonsurgical treatment had a 5% risk. Among all the patients having been diagnosed with CTS, 63% of
those with an operatively treated DRF underwent surgical release, whereas 23% of those with a non-
operatively treated DRF underwent surgical release for CTS.
Conclusions: Patients having undergone surgical treatment for DRF had a four times higher rate of
developing CTS, compared with those having undergone nonsurgical treatment. Among patients who
underwent surgical treatment of a DRF with the subsequent development of CTS, there was a nearly
three times higher rate of surgical release of CTS.
Type of study/level of evidence: Prognostic III.
Copyright © 2024, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Distal radius fractures (DRFs) account for 18% of fractures in
patients aged 65 years and older, placing them among the most
treated fractures in the United States.1 As the aging population
continues to grow, these numbers are anticipated to escalate
further.1,2 Historically, DRFs have been generally treated non-
operatively. However, with improved fixation strategies, partic-
ularly with the advent of volar locking plates in the early 2000s,
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there has been an increased trend toward surgical treatment for
DRFs.2e5 Irrespective of treatment strategy, the development of
carpal tunnel syndrome (CTS) is a known complication of DRF,
with the incidence ranging from 0% to 20% with nonsurgical
management and 0% to 14% with volar plating.6 Theories on why
CTS occurs commonly after DRFs include aggravation of
asymptomatic CTS, direct trauma to the median nerve in the
carpal tunnel, increased tenosynovitis of the tendons in the
carpal tunnel, or altered anatomy of the carpal tunnel. Regard-
less, the current incidence of CTS following DRFs is not well
established and how the incidence varies based on treatment
strategy is poorly understood.
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Figure 1. Measures of CTS association between surgical and nonsurgical treatments for DRFs. The defined outcome used in this association was CTS with ICD-10 codes G56.01,
G56.02, G56.11, and G56.12.
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The purpose of this study, using the TriNetX databaseda global
health research network, was to analyze the incidence of CTS
following both surgical and nonsurgical management for DRFs as
well as the subsequent treatment applied for CTS. This study seeks
to contribute evidence in identifying optimal treatment options for
DRFs. The study hypothesis was that CTS occurs more commonly
after nonsurgical treatment of a DRF.
Methods

TriNetX is a global research network encompassing data from
more than 170 health care organizations (HCOs) andmore than 400
million patients.7 This study used the United States Collaborative
Network database, which included 61 HCOs and more than 106
million patients. It contains deidentified aggregate patient infor-
mation covering procedures, diagnoses, medications, vitals, geno-
mics, and demographics. Health care organizations involved in the
TriNetX network contribute health care data in deidentified,
pseudo-anonymized, or limited data set formats, following local
privacy regulations. These HCOs authorize the usage of these data
for research purposes on the TriNetX platform. In return for
providing data, HCOs incur no financial expenses and gain access to
data query tools, analytics, visualization capabilities, and the
necessary hardware for software execution. The deidentification
process conforms to Health Insurance Portability and Account-
ability Act (HIPAA) Privacy Rule standards, as verified by a qualified
expert, meeting the requirements of Section x164.514(b)(1),
ensuring HIPAA compliance.

The TriNetX database was retrospectively queried on December
20, 2023. The TriNetX database does not involve patient-
identifiable information and is subsequently exempt from Institu-
tional Review Board review and approval.

Patient cohorts were identified using the International Classifi-
cation for Disease, 10th Edition (ICD-10) diagnosis codes. All pa-
tients diagnosed with right or left DRF (ICD-10 code S52.531A and
S52.532A, respectively) between January 1, 2016 and December 31,
2022 were included, resulting in a total of 39,603 patients.

Patient cohorts were subsequently defined by inclusion and
exclusion of surgical fixation procedures through utilization of the
Current Procedural Terminology (CPT) system codes. The surgical
group consisted of 10,279 patients, included with the following CPT
codes: percutaneous skeletal fixation of DRF (CPT 25606), open
treatment with internal fixation of extra-articular DRF (CPT 25607),
open treatment of intra-articular fracture with internal fixation of
two fragments (CPT 25608), and open treatment of distal radius
intra-articular fracture with internal fixation of three or more
fragments (CPT 25609). The nonsurgical cohort was determined by
exclusion of the aforementioned CPT codes (n ¼ 29,324).

Both the surgical and nonsurgical patient cohorts were further
analyzed with ICD-10 diagnosis codes for CTS. All patients diag-
nosed with right or left CTS (ICD-10 code G56.01 and G56.02,
respectively) or with right or left lesions to median nerves (ICD-10
code G56.11 and G56.12, respectively) were included. This diagnosis
of CTS must have occurred within 1 year from the DRF.

These patient cohorts were further analyzed by surgical treat-
ment of CTS with CPT codes for the following: endoscopic carpal
tunnel release (CPT 29846), open carpal tunnel release (CPT 64721),
and neurolysis of median nerve (CPT 64708).

All statistical analyses were performed through the TriNetX
platform. Propensity score matching was utilized to create cohorts
withmatched baseline characteristics. Usingmeasures of association
statistical analysis was performed to compare the risk of experi-
encing the outcomes between cohorts who received surgical treat-
ment and nonsurgical treatment. The defined outcomes were CTS
(Fig. 1) and CTR (Fig. 2). Z-tests were used to determine if the risk
differed between cohorts. P values were used to determine statistical
significance of incidence between cohorts. Odds ratio with 95%
confidence interval (CI) were determined to assess the odds of an
outcome between the cohorts. A P value < .05 was considered
significant.8
Results

The study population consisted of 39,603 patients with a DRF
diagnosis, between January 2016 and December 2022 from the
TriNetX database. Of these patients, 26,930 (68%) were women and
11,881 (30%) were men. The average age of patients was 55 years,
with the largest number of patients (45%) in the 65e90 age group.
Racially, most patients, 29,141 (69%), identified as White (Table 1).

Overall, the incidence of CTS within 1 year of a DRF was 5.3%
(2,109 CTS cases of a total of 39,603 DRF patients). Among the
overall study population, 10,279 (26%) patients underwent surgical
treatment while 29,324 (74%) patients underwent nonsurgical
treatment. Between the two DRF treatment groups, 1,194 (12%) in
the surgical treatment group were later diagnosed with CTS,
whereas 915 (3.1%) in the nonsurgical treatment group were later
diagnosed with CTS. Among the surgical group with CTS, 747 (63%)
patients underwent carpal tunnel release (CTR) for CTS, whereas
the nonsurgical groupwith CTS, 215 (23%) underwent (CTR) for CTS
(Table 2).

When examining the demographics for the patients who un-
derwent surgical treatment for DRF, there were 885 (74%) women



Figure 2. Measures of CTR association between surgical and nonsurgical treatments for DRFs with CTS. The defined outcome used in this association was CTR with CPT codes 29846,
64721, and 64708.

Table 1
Patient Demographics for Total DRFs*

Sex N (%)

Females 26,790 (68%)
Males 11,821 (30%)
Age (y)
Mean ± SD 50.6 ± 25.9
0e17 6,492 (16%)
18e39 5,872 (15%)
40e64 9,752 (25%)
65e90 18,092 (44%)
Race
White 29,243 (74%)
Black 2,544 (6%)
Asian 1,400 (4%)
American Indian or Alaska Native 121 (0%)
Native Hawaiian or Other Pacific Islander 132 (0%)
Other race 1,439 (4%)
Unknown 4,724 (12%)

* Total number of DRFs between 2016 and 2022 with respective demographic
breakdown and corresponding percentage.

Table 2
Incidence of CTS After DRFs*

DRF Su Tx CTS Rate CTR Rate

N 10,279 1,194 747
Incidence 26% 12% 63%

DRF Non-Su Tx CTS Rate CTR Rate

N 29,324 915 215
Incidence 74% 3% 23%

* Top: Incidence of su tx of DRF -> incidence of CTS following su tx of DRF ->
incidence of CTR following CTS diagnosis after su tx of DRF. Bottom: Incidence of
non-su tx of DRF -> incidence of CTS following non-su tx of DRF -> incidence of CTR
following CTS diagnosis after non-su tx of DRF. Su ¼ surgical, Non-Su ¼ nonsurgical,
Tx ¼ treatment.
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and 263 (22%) men diagnosed with CTS and 548 (75%) women and
158 (22%) men subsequently received surgical treatment.

When examining the demographics for the patients who un-
derwent nonsurgical treatment for DRF, 737 (81%) women and 142
(15%) men were diagnosed with CTS and 165 (80%) women and 42
(20%) men subsequently received surgical treatment.

The incidence of CTS in the surgical treatment of DRF was
12%, whereas that in the nonsurgical treatment of DRF was 3%
(P value < .0001) (Table 2). The DRF patients who received
surgical treatment had a 9% risk of developing CTS, whereas
DRF patients who received nonsurgical treatment had a 5% risk
of developing CTS. In the context of risk difference, the z value
was 11.9. The risk ratio was 1.89 with a CI of 1.698 and 2.103,
which is statistically significant at the 5% level. The odds ratio
was 1.98 with a CI of 1.764 and 2.216, which is statistically
significant at the 5% level (Fig. 1).

The incidence of CTR in the surgical cohort of DRF with CTS was
63%, whereas that in the nonsurgical cohort of DRF with CTS was
23% (P value < .0001) (Table 2). The DRF patients with surgical
treatment with CTS had a 57% risk of treating CTS surgically,
whereas DRF patients who received nonsurgical treatment with
CTS had a 21% risk of treating CTS surgically. In the context of risk
difference, the z value was 14.1. The risk ratio was 2.71 with a CI of
2.327 and 3.166, which is statistically significant at the 5% alpha
level. The odds ratio was 4.95 with a CI of 3.932 and 6.223, which is
statistically significant at the 5% alpha level (Fig. 2).

Discussion

Using the TriNetX global research database, this study revealed
that patients who underwent surgical treatment for DRF had a
4-fold higher rate of developing CTS compared with those who
underwent nonsurgical treatment, denying the study’s hypothesis
that CTS occurs more commonly after nonsurgical treatment of a
DRF. Within a year following DRF diagnosis, the incidence of CTS in
patients treated operatively for DRF was 12%, significantly higher
than the 3% incidence noted in those managed nonoperatively for
DRF (P value < .0001). Both the risk ratio and odds ratio indicated
an increased likelihood of developing CTS in the surgical treatment
group, 1.89 and 1.98, respectively. In the context of risk difference,
the z-value was 11.9, indicating a statistically significant deviation
from the null hypothesis, and implies that the observed difference
in risk between these groups is highly unlikely to be explained by
random variation alone and is more likely due to the differences in
treatment. This finding could be explained by the theory that those
patients requiring surgical repair of their DRF may have experi-
enced a higher energy injury with greater initial fracture
displacement, lending to the greater trauma to the median nerve
and increased risk for developing CTS. Moreover, the surgical
intervention itself may have led to direct or indirect stress on the
median nerve within the carpal tunnel increasing the rate of CTS
development and the need to undergo later surgical release.

The study also found that among patients who underwent
surgical treatment of a DRF with the subsequent development of
CTS, there was a nearly 3-fold higher rate of surgical release of CTS.
The rate of surgical treatment for CTS among patients who under-
went surgical treatment for DRF was 63%, significantly higher than
the 23% among those who did not undergo surgical intervention for
DRF (P value < .0001). The risk ratio was 2.71, and odds ratio was
4.95, both indicating an increased likelihood of undergoing surgical
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release of CTS in the DRF surgical cohort. Additionally, the z-value
was 14.1, indicating a statistically significant deviation from the null
hypothesis. This finding could be explained by the theory that those
patients undergoing nonsurgical treatment of a DRF may have
experienced a lower energy injury with less initial fracture
displacement resulting in less duress of the median nerve. The
subsequent CTS may have been less symptomatic and/or the pa-
tient more committed to continued nonsurgical management.

Cooke et al performed a similar study using the PearlDiver na-
tional insurance database and found similar results to this current
study. The researchers reported that patients who underwent
surgical treatment for DRF had a three times higher rate of devel-
oping CTS compared with those who underwent nonsurgical
treatment and had over a four times higher rate of undergoing CTR
in the surgical group within 6 months following a DRF.9 A strength
of the present study lies in its extended 1-year observationwindow
for detecting CTS diagnoses after DRFs as the time for onset of CTS
after DRF can vary from a few hours to many years.10,11 The current
study also benefits from a more recent timeframe, 2016e2022,
compared with the narrower scope of 2015e2017, offering more
contemporary incidences. Moreover, leveraging the expansive Tri-
NetX database, a network comprising more than 106 million pa-
tients, sets it apart from the PearlDiver database, which includes
more than 22 million patients.9

In contrast, Lutz et al caseecontrol study, focused on
complication rates after DRFs in patients aged 65 years and older,
found that the surgically treated group presented with a 6% (8/129)
CTS, and in the nonsurgical treated group, the rate of CTS was 11%
(14/129) in patients aged 65 years and older. Additionally, only 2%
(2/129) from the surgical group and 5% (6/129) from the nonsur-
gical group underwent surgical release. Despite the lower CTS rate
in operatively treated patients, Lutz et al12 overall found a
significantly higher rate of complications in patients treated
operatively compared with the nonsurgical group.12 Lutz et al did
not address the discrepancy of findings for CTS rates in surgical
and nonsurgical treatment groups but did report that the surgical
treatment was not standardized. Thus, this finding could be
explained by the large number of patients who were treated with
external fixation, which may lead to a lower incidence of CTS
versus other surgical methods such as a palmar plate fixation.

Interestingly, Ochen et al13 meta-analysis found no difference in
the overall complication rates between surgical and nonsurgical
management for DRFs. This discrepancy in findings could be
explained by the spectrum of complications included in the rates in
the Ochen study as it included infection, nerve injury, chronic pain,
complex regional pain syndrome, implant failure, and fracture
healing disorders, whereas this current study isolated CTS as a
complication.13

While there are limited studies offering comprehensive data
that delineates CTS incidences after surgical and nonsurgical
treatments for DRFs, there are many that address CTS incidences
after either DRF treatment option. Arora et al14 and Esenwein
et al15 analyzed the complications following palmar locking plate
internal fixation of DRFs, and both reported a 3% (3/114 and 22/
665, respectively, to each study) CTS incidence. Wichas et al16

evaluated the complication rates of volar versus dorsal locking
plates after DRFs and reported a less than 1% (1/285) CTS
complication rate with only one patient from the palmar locking
plate group with CTS. Young and Rayan17 retrospectively evalu-
ated function and radiographic results after nonsurgical treat-
ment of DRFs in patients older than 60 years and reported a 12%
(3/25) CTS complication rate. As exampled by these studies and
in reviewing the current literature, the incidence of CTS
following DRF is not well established with a widely reported
range of 0.5% to 22%.10,17e21
This study has several limitations. As a retrospective database
study, data on the severity of DRFs, mechanism of injury, and an
assessment of functional outcomes are unavailable. Furthermore,
there is no guarantee for standardization of CTS diagnosis as there
may be varying thresholds to diagnose CTS. Moreover, the study’s
reliability depends on the precise coding of clinical information,
which may have resulted in over- or under-identifying of CTS rates
after DRF. Another limitation of the study is that the CPT codes for
surgical fixation do not further delineate the different surgical
options such as dorsal plating, volar plating, K-wires, etc. One study
by Zhao et al22 performed a network meta-analysis, indicating that
dorsal plating fixation notably reduces the risk of CTS compared
with the other fixation options. Further evidence elucidating higher
CTS incidence with specific surgical techniques could offer valuable
insights into selecting the most appropriate treatment option.
However, this study can leverage a large cohort of DRFs treated
relatively recently and presumably with modern treatment stra-
tegies yielding rates of CTS following DRF that can be of value to
both treating surgeons and patients when discussing the risks and
benefits of various DRF treatment options. Additionally, while there
are numerous studies reporting CTS incidences after a DRF, very
few delineate CTS rates in surgical treatment and nonsurgical
treatment for DRF. Future studies could delve into the incidence
rates of CTS following DRF, with close analysis of patient de-
mographics, fracture characteristics, and surgical management
strategies to further elucidate the risk of developing CTS after DRF.
Conclusion

Carpal tunnel syndrome is a common sequela of DRF, with an
incidence of 5.3% in this study. Patients treated operatively for a
DRF had a 4-fold higher incidence of developing CTS compared
with those receiving nonsurgical treatment for a DRF. Among pa-
tients who underwent surgical treatment for DRF and later devel-
oped CTS, there was nearly a 3-fold increase in the rate of surgical
release for CTS.
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