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Abstract
Background Carpal tunnel release can stop the pro-
gression of idiopathic median neuropathy at the wrist
(carpal tunnel syndrome). Intermittent symptoms tend to
resolve after surgery, but loss of sensibility can be per-
manent. Both pathophysiology (severe neuropathy) and
mental health (symptoms of despair or worry) contribute to
problematic recovery after carpal tunnel release, but their
relative associations are unclear.
Question/purpose Is problematic initial recovery after
carpal tunnel release associated with psychologic distress
rather than with disease severity?
Methods We retrospectively studied 156 patients who un-
derwent in-office carpal tunnel release between November
2017 and February 2020, and we recorded their symptoms
of anxiety (Generalized Anxiety Disorder-7 [GAD]) and
depression (Patient Health Questionnaire), signs of severe
median neuropathy (loss of sensibility, thenar muscle atro-
phy, and palmar abduction weakness), and problematic

recovery. The initial recovery (first 2 weeks) was categorized
as problematic if the patient was upset about persistent
numbness, experienced unsettling postoperative pain, de-
veloped hand stiffness, or experienced wound issues—all of
which are routinely recorded in the medical record by the
treating surgeon along with signs of severe median neuropa-
thy. Twenty-four percent (38 of 156) of patients had a prob-
lematic initial recovery characterized by distress regarding
persistent numbness (16% [25 of 156]), unsettling pain (8%
[12 of 156]), hand stiffness (5% [8 of 156]), or wound issues
(1% [2 of 156]); 6% (9 of 156) of patients had more than one
issue. Associations between problematic initial recovery and
age, gender, symptoms of anxiety and depression, disease
severity, specific exam findings, and insurance were evaluated
using t-tests, Mann-Whitney tests, and chi-square tests, with
the plan to perform logistic regression if at least two variables
had an association with p < 0.10.
Results The only factor associated with problematic initial
recovery was greater symptoms of anxiety (median GAD
score 1.5 [interquartile range 0 to 7.8] for problematic
initial recovery compared with a median score of 0 [IQR
0 to 2] for nonproblematic recovery; p = 0.04), so we did
not perform a logistic regression. Physical examination
findings consistent with severe median neuropathy were
not associated with problematic initial recovery.
Conclusion The finding that problematic initial recovery
after carpal tunnel release was related to symptoms of
anxiety and not to the severity of median neuropathy
highlights the need to study the ability of efforts to ame-
liorate anxiety symptoms before carpal tunnel release as an
effective intervention to reduce unplanned visits and ad-
ditional tests, therapy, and repeat surgery, while improving
patient-reported outcomes and experience.
Level of Evidence Level III, therapeutic study.
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Introduction

Idiopathic median neuropathy at the wrist (the symptoms
and signs of which are referred to as carpal tunnel syn-
drome) is the most common idiopathic mononeuropathy of
the upper extremity [15]. Carpal tunnel release (CTR) re-
lieves intermittent symptoms and halts or prevents nerve
damage. For the most part, people feel better after CTR and
are thankful for more restful sleep and resolution of in-
termittent numbness. Problematic early recovery can take
the form of disappointment that loss of sensibility is still
present or perhaps that paresthesia has developed among
people with severe median neuropathy [16]. Other forms of
problematic initial recovery include unsettling pain in-
tensity or duration, hand stiffness, and adverse events such
as wound separation or infection. Prior studies identified
that signs of severe neuropathy (loss of sensibility, thenar
atrophy) and symptoms of depression and anxiety correlate
with greater persistent symptoms and lower levels of sat-
isfaction after surgery [8, 9, 13]. Patients with widespread
pain or involvement in litigation may also be more likely to
be dissatisfied after surgery [22]. Catastrophic thinking,
symptoms of depression, and diminished sensibility on
physical examination correlate with activity intolerance
after CTR [13].

It would be helpful to discern the relative contribution of
disease severity and symptoms of worry or despair to
problematic recovery. Problematic recovery can lead to
unplanned care, referrals to other specialists, new medi-
cations, and even repeat CTR. Disease severity cannot be
modified, but symptoms of distress (depression and anxi-
ety) are responsive to treatment [10, 11, 19]. If symptoms
of distress have a relatively strong association with prob-
lematic recovery compared with disease severity, that
might lead to new treatment strategies that prioritize di-
agnosis and treatment of distress before surgery. In our
practice setting, patients complete measures of symptoms
of depression and anxiety each time they come to the office.
This creates an opportunity to investigate the relative in-
fluence of mental health on recovery from surgery.

Therefore, we asked: Is problematic recovery after
carpal tunnel release associated with psychologic distress
rather than with disease severity?

Patients and Methods

Study Design and Setting

This is a retrospective cohort study consisting of a review
of the records of patients who underwent office-based open
CTR under local anesthesia by a single surgeon in a
university-associated, urban practice between November
2017 and February 2020.

Participants

All patients who underwent open, in-office CTR at our in-
stitution during the study period were eligible for inclusion.
Minimum follow-up for study inclusion was 2 weeks. We
excluded 3% (4 of 160) of patients who did not return for
suture removal or at any subsequent time. One hundred fifty-
six patients met the inclusion criteria (Fig. 1).

Patient Demographics and Descriptive Data

In our sample, 26% (41 of 156) of patients were men and
74% (115 of 156) were women, with amean age of 516 11
years (Table 1). Eighty-one percent (126 of 156) of our
study population had either county safety net insurance or
no insurance coverage (Table 1).

Variables and Data Sources

Patients who had carpal tunnel release were diagnosed with
moderate or idiopathic median neuropathy at the carpal
tunnel based on persistent waking with hand numbness
despite wrist immobilization or loss of sensibility, re-
spectively. Electrodiagnostic tests were occasionally or-
dered prior to referral and uncommonly obtained by us.

We recorded demographic information (age, gender,
and insurance status), patient-reported outcomes (Patient-
reported Outcome Measure Information System Global
Health), and mental health questionnaires (the Patient
Health Questionnaire [PHQ] and Generalized Anxiety
Disorder [GAD] questionnaire), which are collected regu-
larly at our office for both Spanish and English speakers.
Per our office protocol, patients first completed the PHQ-
2, a two-item measure of symptoms of depression in the
past 2 weeks. Scores range from 0 to 6. Scores of 3 or

Fig. 1 STROBE diagram of patient flow.
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greater prompt administration of the nine-item version
(PHQ-9). Scores for the PHQ-9 range from 0 to 27. The
GAD-7 is a seven-item measure of symptoms of anxiety in
the past 2 weeks. The total score ranges from 0 to 21 [4].
Twenty-six percent (41 of 156) of patients had a PHQ score
greater than 2, and 21% (33 of 156) scored more than 2 on
the GAD questionnaire. Thirty-five percent (54 of 156) of
our sample had either a PHQ or GAD score greater than 2
preoperatively. The mean preoperative PHQ and GAD
scores were 1.6 and 2.9, respectively (Table 1).

We reviewed patient records for symptoms or signs of
severe idiopathic median neuropathy at the carpal tunnel,
including loss of sensibility in the median nerve distribution,
thenar muscle atrophy, and palmar abduction weakness, all
of which are routinely recorded by the treating surgeon.
Forty-two percent (65 of 156) of patients had evidence of
severe median neuropathy on physical examination. Eighty-
three percent (54 of 65) of patients had diminished sensi-
bility, 34% (22 of 65) had palmar abduction weakness, and
26% (17 of 65) had thenar muscle atrophy on examination.
Only 25% (39 of 156) of patients had a prior electro-
diagnostic study at the time of surgery. Fifty-one percent (20
of 39) of patients with electrodiagnostic tests had findings of
moderate or severe carpal tunnel syndrome.

We categorized any one of the following as a prob-
lematic initial recovery and coded it as a dichotomous
variable (yes/no) for analysis: upset about residual numb-
ness or paresthesia, unsettling postoperative pain, hand
stiffness, and wound problems (separation, suture
infection)—all of which are routinely recorded by the
treating surgeon. We erred toward categorizing the initial
recovery as problematic because the typical initial result
after CTR is a relatively easy recovery, and there is notable
patient gratitude for relief of intermittent numbness. If a
person presented to suture follow-up with no aspects of a
problematic initial recovery, we considered it highly un-
likely that theywould develop a problematic recovery later.
Eleven percent (17 of 156) underwent bilateral CTR on the
same day. We treated this as one episode and included any
problems with recovery on either side.

Bias

There is some selection bias in this sample in the sense that
strict clinical criteria were used as the basis to offer surgery,
surgery was only offered to people with symptoms and signs
consistent with moderate or severe median neuropathy,
routine electrodiagnostic testing was not used, the patient
population is relatively disadvantaged, and people with
notable symptoms of anxiety and depression were evaluated
and treated by our social worker before scheduling surgery.
The assumption that the absence of aspects of problematic
initial recovery 2 weeks after surgery (at suture removal)
indicates that the first 6 months of recovery will be non-
problematic seems reasonable to us, but it might be open to
question. The assessments of disease severity (diminished
sensibility, atrophy, and palmar abduction weakness) were
performed by a single surgeon. Documentation of unsettling
symptoms and hand stiffness is also based on surgeon
assessment, with routine documentation, and being rela-
tively inclusive of even mild levels of unsettlement.

Primary Study Outcome

The primary outcome was categorization of the initial re-
covery as problematic. Twenty-four percent (38 of 156) of
our sample experienced problematic initial recovery
(Table 1). Reasons for problematic recovery included per-
sistent or new nerve symptoms (66% [25 of 38]), unsettling
postoperative pain (32% [12 of 38]), hand stiffness or
kinesiophobia (21% [8 of 38]), or wound issues (5% [2 of
38]). A total of 24% (9 of 38) of patients had multiple
concerns postoperatively. Eleven percent (4 of 38) of pa-
tients were concerned about both persistent nerve symptoms
and unsettling postoperative pain. Eight percent (3 of 38) of
patients experienced persistent numbness combined with

Table 1. Demographics

Parameter Value (n = 156)

Age in years 51 6 11

Preoperative PROMIS
Global Health score

29 6 7

PHQ 1 (0-3)

GAD 1 (0-2)

Women 74 (115)

EMG before visit 25 (39)

PE finding of severe CTS 42 (65)

Static numbness 35 (54)

Weakness 14 (22)

Atrophy 11 (17)

Dissatisfied 24 (38)

Insurance

Safety net or none 81 (126)

Commercial or Medicare 19 (30)

PHQ > 2 26 (41)

GAD > 2 21 (33)

PHQ > 2 or GAD > 2 35 (54)

Data presented as mean 6 SD, median (range), or % (n);
PROMIS = Patient-reported Outcome Measure Information
System; PHQ = Patient Health Questionnaire; GAD =
Generalized Anxiety Disorder questionnaire; PE = physical
examination; CTS = carpal tunnel syndrome.
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unsettling pain and hand stiffness. Three percent (1 of 38) of
patients experienced hand stiffness and unsettling persistent
pain. Additionally, one patient had concerns about the sur-
gical incision as well as unsettling postoperative pain.

Ethical Approval

This study was reviewed and approved by our institutional
review board.

Statistical Analysis

All demographic data, other than age, were dichotomized
(Table 1). Insurance typewas grouped as either commercial or
Medicare, or county safety net, Medicaid, or no insurance
coverage. We used chi-square tests to assess the relationships
between dichotomous variables. Student t-tests were used to
assess any association between dichotomous and continuous,
normally distributed variables. Mann-Whitney U tests were
used to analyze differences between dichotomous and non-
parametric continuous data. We planned to use a multivari-
able logistic regression model including all factors with p <
0.10 in bivariate analysis to adjust for potential confounders

and identify factors associated with dissatisfaction. Given that
only variations of the GAD and PHQ questionnaire scores
had p < 0.10, we did not perform logistic regression because
we felt these are likely collinear (Table 2).

Results

Problematic initial recovery was associated with worse
general anxiety (median GAD score of 1.5 [interquartile
range 0 to 7.8] versus median GAD score of 0 [0 to 2]; p =
0.04). However, problematic initial recovery was not as-
sociated with physical examination findings of severe
carpal tunnel syndrome (50% [19 of 38] versus 39% [46 of
118]; p = 0.30). When evaluating specific signs of severe
carpal tunnel syndrome including loss of sensibility, thenar
muscle atrophy, and palmar abduction weakness, none
were associated with problematic initial recovery (Table 2).

Discussion

Previous studies have associated dissatisfaction and con-
tinued symptoms after carpal tunnel release to both

Table 2. Bivariate analysis

Problematic initial recovery

Variable Yes (n = 38) No (n = 118)
Mean difference or
risk ratio (95% CI) p value

Age in years 52 6 10 50 6 11 2 (-5.4 to 2.1) 0.37

Preoperative PROMIS Global Health 27 6 11 30 6 7 3 (-0.3 to 5.0) 0.08

Gender 1.5 (0.57 to 4.1) 0.50

Men 21 (8) 28 (33)

Women 79 (30) 72 (85)

Electrodiagnostic test 21 (8) 26 (31) 0.75 (0.27 to 1.9) 0.66

Exam finding of severe median neuropathy 50 (19) 39 (46) 1.6 (0.7 to 3.5) 0.30

Diminished sensibility 45 (17) 31 (37) 1.8 (0.78 to 4.0) 0.20

Palmar abduction weakness 18 (7) 13 (15) 1.5 (0.5 to 4.5) 0.55

Thenar muscle atrophy 8 (3) 12 (14) 0.6 (0.1 to 2.5) 0.68

Insurance 1.1 (0.4 to 3.2)

Safety net or none 82 (31) 80 (94) > 0.99

Commercial or Medicare 18 (7) 19 (23)

PHQ total 2 (0-4) 1 (0-2) 0.88

GAD total 1.5 (0-7.8) 0 (0-2) 0.04

PHQ > 2 39 (15) 22 (26) 2.3 (1.0 to 5.4) 0.056

GAD > 2 29 (11) 19 (22) 1.8 (0.7 to 4.4) 0.20

PHQ > 2 or GAD > 2 47 (18) 22 (26) 2.1 (0.9 to 4.9) 0.07

A recovery was categorized as problematic if the patient was upset about persistent numbness, experienced unsettling
postoperative pain, developed hand stiffness, or experienced wound issues. Continuous variables are presented as mean6 SD or
median (interquartile range). Discrete variables are presented as % (n); PROMIS = Patient-reported Outcome Measure Information
System; PHQ = Patient Health Questionnaire; GAD = Generalized Anxiety Disorder questionnaire.
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symptoms of distress and severe pathology [8, 9, 13]. The
relative association of problematic initial recovery after
CTRwith distress and pathology is uncertain. In a cohort of
patients with a relatively high proportion of severe median
neuropathy and notable symptoms of anxiety and de-
pression, where signs of severe median neuropathy and
problematic initial recovery were routinely recorded, we
found that problematic recovery after surgery was associ-
ated with greater symptoms of anxiety and not with
symptoms and signs consistent with severe median neu-
ropathy at the carpal tunnel.

Limitations

Our study has several limitations. First, the cohort represents a
single surgeon’s management strategy. That strategy included
the diagnosis of idiopathic median neuropathy at the carpal
tunnel without routine neurodiagnostic testing and an offer of
surgery to patients suspected of having moderate or severe
median neuropathy. We also relied on that surgeon’s de-
termination and documentation of signs of severe median
neuropathy and problematic recovery in the medical record.
The advantage is consistency, but the possibility that the
findings are specific to this surgeon’s practice style and de-
terminations of disease severity and problematic initial re-
covery merit consideration. We contend that these
determinations are likely subject to some variations between
surgeons but are relatively representative. In addition, the di-
versity within the sample is what makes the experiment work
rather than the absolute rates, with any similarly diverse
sample likely to find similar associations. Although a large
studywould have advantages, our numberswere large enough
to discern statistical differences. The setting and statistical
power to detect large differences give us confidence that lon-
gitudinal studies and larger studies are likely to have similar
findings. Second, we did not measure satisfaction because it
is a relatively ambiguous concept—several editorials have
detailed the many limitations [6, 14, 17, 20]—and attempts to
quantify satisfaction are associatedwith high ceiling effects [2,
12, 21]. Our use of recovery sufficiently problematic to be
recorded in the medical record may be a better reflection of
what might be considered as dissatisfaction in daily practice.
Third, our high 42% proportion of severe median neuropathy
is evidence that people with more limited access to medical
care (80%of our cohort) are at risk of nerve damage because of
delayed treatment. This is a good setting for studying prob-
lematic recovery, but it is also a problem in need of remedy.
Socioeconomic status correlates with health outcomes, disease
severity, and mortality [5, 24]. Lastly, we used diminished
sensibility, weakness of palmar abduction, and atrophy of the
thenar eminence as signs of severe carpal tunnel syndrome
rather than electrodiagnostic studies, which are more objec-
tive, reliable, and accurate. Because many hand specialists

forgo electrodiagnostic testing and rely on symptoms and
signs [7], our study represents this common practice strategy.
Given that there is debate about the best way to diagnose
idiopathic median neuropathy at the carpal tunnel and rate its
severity, it seems reasonable to use clinical criteria (essentially
the CTS 6 clinical prediction rule) to make the diagnosis [7].

Discussion of Key Findings

The finding that symptoms of anxiety are associated with
problematic initial recovery from CTR and signs of severe
disease do not points to a potential benefit of diagnosing and
treating notable symptoms of anxiety before surgery.
Potential benefits of this approach include fewer unplanned
visits, referrals to other clinicians, new medications, and
revision surgeries. A large percentage of our patients had
notable symptoms of anxiety or depression (35%had a score
of 3 or greater on the GAD or PHQ)—an indication of that a
more comprehensive approach might benefit a large per-
centage of patients. A large percentage (42%) of our patients
had signs of severe median neuropathy, but pathology se-
verity was not associated with problematic recovery.
Persistent symptoms are often the focus of unsettlement
(66% [25 of 38] of patients with problematic recovery), but
having severe diseasewas not independently associatedwith
problematic recovery. There is a growing understanding that
the biopsychosocial paradigm of health that incorporates the
physical, mental, and social aspects of well-being accounts
for variations in symptoms and activities better than a bio-
medical model that attempts to relate all symptoms directly
to pathologic findings [25]. Our findings support prior
studies in which dissatisfaction and less relief of symptoms
after CTR correlated with symptoms of distress [9, 13].
There is evidence that unexpected pain, incapability, and
stiffness are associated with unhelpful thoughts and symp-
toms of distress [1, 3, 18, 23].

Conclusion

The observation that nearly one in four patients had a
problematic initial recovery is notable and provides
strong support for interdisciplinary care incorporating
attention to mental and social health opportunities.
Routine evaluation of thoughts and feelings about
symptoms and treatment strategies that aim to optimize
them before surgery and during recovery merit additional
attention and study.

References

1. Bot AGJ, Bekkers S, Herndon JH, Mudgal CS, Jupiter JB, Ring
D. Determinants of disability after proximal interphalangeal joint
sprain or dislocation. Psychosomatics. 2014;55:595-601.

1580 Ryan et al. Clinical Orthopaedics and Related Research®

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



2. Carreon LY, Sanders JO, Diab M, Sturm PF, Sucato DJ. Patient
satisfaction after surgical correction of adolescent idiopathic
scoliosis. Spine (Phila Pa 1976). 2011;36:965-968.

3. De Das S, Vranceanu A-M, Ring DC. Contribution of kine-
sophobia and catastrophic thinking to upper-extremity-specific
disability. J Bone Joint Surg Am. 2013;95:76-81.

4. Fatehi A, Gonzalez A, Ring DC, Queralt M. Psychosocial factors
are associated with electronic portal registration. Clin Orthop
Relat Res. 2020:478:2079-2084.

5. Gama E, Colombo D. Closing the gap in a generation: health
equity through action on the social determinants of health. Final
report of the Commission on Social Determinants of Health. Rev
Direito Sanitário. 2010;10:253.

6. Godil SS, Parker SL, Zuckerman SL, et al. Determining the
quality and effectiveness of surgical spine care: patient satisfac-
tion is not a valid proxy. Spine J. 2013;13:1006-1012.

7. Graham B. The value added by electrodiagnostic testing in the
diagnosis of carpal tunnel syndrome. J Bone Joint Surg Am.
2008;90:2587-2593.

8. Hobby JL, Venkatesh R, Motkur P. The effect of age and gender
upon symptoms and surgical outcomes in carpal tunnel syn-
drome. J Hand Surg Am. 2005;30:599-604.

9. Katz JN, Losina E, Amick BC, Fossel AH, Bessette L, Keller RB.
Predictors of outcomes of carpal tunnel release. Arthritis Rheum.
2001;44:1184-1193.

10. Keefe FJ, Rumble ME, Scipio CD, Giordano LA, Perri LCM.
Psychological aspects of persistent pain: current state of the
science. J Pain. 2004;5:195-211.

11. Kerns RD, Haythornthwaite JA. Depression among chronic pain
patients: cognitive-behavioral analysis and effect on re-
habilitation outcome. J Consult Clin Psychol. 1988;56:870-876.

12. Kleiss IIM, Kortlever JTP, Karyampudi P, et al. A comparison of
4 single-question measures of patient satisfaction. JCOM. 2020;
27:41-48.

13. Lozano Calderón SA, Paiva A, Ring D. Patient satisfaction after
open carpal tunnel release correlates with depression. J Hand
Surg Am. 2008;33:303-307.

14. Menendez ME, Chen NC, Mudgal CS, Jupiter JB, Ring D.
Physician empathy as a driver of hand surgery patient satisfac-
tion. J Hand Surg Am. 2015;40:1860-1865.e2.

15. Mondelli M, Giannini F, Giacchi M. Carpal tunnel syndrome
incidence in a general population. Neurology. 2002;58:289-294.

16. Mondelli M, Reale F, Padua R, Aprile I, Padua L. Clinical and
neurophysiological outcome of surgery in extreme carpal tunnel
syndrome. Clin Neurophysiol. 2001;112:1237-1242.

17. Nguyen C, Kortlever JTP, Gonzalez AI, Ring D, Brown LE,
Somogyi JR. Attempts to limit censoring in measures of patient
satisfaction. J Patient Exp. 2020:1094-1100.
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