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Abstract

Background: Posterior interosseous nerve neurectomies (PINN) are an option in the treatment of chronic dorsal wrist
pain. However, the literature describing PINN consists primarily of small case series, and the procedure is typically done as
an adjunct treatment; therefore, the outcomes of the PINN itself are not well known. We performed a systematic review of
the literature to provide characteristics of patients following a PINN. Methods: A systematic review of the literature was
performed. Papers published in the PubMed database in English on isolated PINN were included. Articles in which a PINN
was performed as an adjunct were excluded. Primary outcomes were return to work, patient satisfaction, pain/function
scores, wrist range of motion, complications, and pain recurrence. Weighted averages were used to calculate continuous
data, whereas categorical data were noted in percentages. Results: The search yielded 427 articles including 6 studies and
I35 patients (136 cases). The average age was 43.6 years (range, 17-75), and most patients were female (54.1%). At an
average final follow-up of 51 months, 88.9% of patients were able to return to work. After initial improvement, a recurrence
of pain occurred in 25.5% of patients at an average of 12.3 months. Excluding recurrence of pain, the complication rate
was 0.9%, including | reflex sympathetic dystrophy. Overall, 88.4% of patients experienced a subjective improvement and
were satisfied with the procedure. Conclusions: Isolated PINN have shown excellent clinical outcomes, with few patients
experiencing recurrent pain at long-term follow-up. PINN can provide relief in patient’s chronic wrist pain.
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However, the PINN literature is comprised of short case
series without controls. In addition, because the procedure is
typically in addition to other treatments to include carpal
excision, ' wrist fracture,' nonunion,'® or Kienbock disease,*
the quality of and length of effect of wrist denervation alone
are not well known. The goal of this study is to produce a
large conglomeration of patients who have undergone an
isolated PINN to give a better understanding of the advan-
tages and disadvantages of the technique. A systematic
review of the published literature was performed to show

Introduction

The posterior interosseous nerve neurectomy (PINN) was
first described in 1966 by Wilhelm who performed dorsal
wrist denervation in patients presenting with pain due to
trauma, necrosis of the lunate, arthritis, and scaphoid non-
unions recalcitrant to conservative measures.'” These find-
ings were reinforced by a second German report 11 years
later in which a combination of wrist denervations were
performed, yielding good pain relief in 80% of patients

after a follow-up of more than 2 years.?

Subsequently, PINN has been used as both an
isolated>®**>!"'* and adjunct procedure*'*'* treating
patients with chronic dorsal wrist pain that is unresponsive
to nonoperative treatments. Although several techniques for
wrist denervation exist,”'” the PINN is the simplest techni-
cally to achieve, requires the least soft tissue handling, and
the PIN innervates the central two-thirds of the wrist includ-
ing to the wrist capsule, scaphoid, lunate, and dorsal distal
radius."

patients’ demographics and elucidate outcomes, complica-
tions, and length of effect following an isolated PINN. We
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| Citations acquired from search: PubMed (427) |

(421) Excluded — did not meet eligibility criteria

(92) Not in English

(90) Clear irrelevance

(22) Multiple procedures

(4) Reviews of disease, treatment, historical perspective
(153) Anesthesia/blockade

(26) Anatomical studies

(3) Nonsurgical procedures

(30) Other upper extremity denervations/procedures (not
including PIN)

(1) Same subset of patients already included in the systematic
review

| 6 studies included in systematic review

Figure |. Study selection.
Note. PIN = posterior interosseous nerve.

hypothesize that in the treatment of wrist pain, PINN as a
palliative procedure will provide moderate pain relief with
few complications.

Materials and Methods

Literature Search

We identified all publications regarding isolated PINN. A
comprehensive literature search was performed beginning
with queries into the PubMed, MEDLINE, Cochrane, and
EMBASE databases for all articles between January 1,
1980, and June 1, 2016. A total of 3 search terms—(1) “PIN
neurectomy,” (2) “wrist denervation,” and (3) “posterior
interosseous nerve neurectomy’—were entered into the
keyword search field. This initial search yielded a total of
427 original articles that were then isolated for further
screening.

Study Selection

The abstracts of all the articles were initially analyzed to
determine relevance to our review and were excluded if
they were clearly irrelevant, published in a non-English lan-
guage, involving PINN procedures combined with concom-
itant procedures (such as fracture fixation or other soft
tissue procedures), literature reviews or expert opinion,
basic science/anatomical studies, or published prior to
1980. Full articles of the remaining studies were then
obtained and reviewed for the following inclusion criteria:
peer-reviewed clinical studies of level I to IV evidence;
involving at least 6 patients; evaluating the outcomes fol-
lowing isolated PINN, with at least 1 year and 80% follow-
up; and reporting at least 1 outcome measure of interest
including postoperative pain, function, or complications.
One article included 8 patients, of which 3 had an additional
procedure.” To ensure that only isolated PINN were

included, all 8 of these patients were excluded. The refer-
ences of these articles were additionally reviewed by the
authors to isolate any additional publications not included
based on the initial searches.

Patient demographics (age, sex, dominant extremity),
preoperative symptoms (pain/functional scores, chronicity
of symptoms), and primary outcomes of interest (pain and
functional outcome scores, patient satisfaction, range of
motion [ROM], return to work) were extracted. We addition-
ally analyzed the reported complications and reoperations.

Statistical Analysis

Continuous data were calculated using weighted averages
with respective standard deviations. Categorical data were
noted in percentages. A 2-tailed student’s # test was performed
to compare the M-SACRAH (modified score for the assess-
ment and quantification of chronic rheumatoid affections of
the hand) scores, a questionnaire that assesses the rheumatoid
hand in hand function, rated 0 (possible without difficulty)
to 800 (impossible); stiffness, rated 0 (no stiffness) to 200
(unbearable stiffness); and pain, rated 0 (no pain) to 200
(unbearable pain), and a P value less than .05 was considered
statistically significant. All calculations were performed using
SAS version 9.3 (SAS Institute Inc, Cary, North Carolina).

Results

Study Selection

Of the 427 original articles, 90 were immediately eliminated
due to clear irrelevance and the exclusion criteria set forth.
Of the remaining 337, the full manuscripts and respective
references were reviewed by the 3 primary investigators
(D.J.VB,, J.C.D., N.AK.). Following review, 92 were dis-
carded for being of non-English origin, 22 because PINN
was used as an adjunct with another procedure, 153 because
they were anesthesia/blockade studies, 4 because they were
literature reviews or expert opinions, 26 because they were
anatomical studies, 3 discarded for being nonsurgical proce-
dures, 30 because they were other upper extremity denerva-
tions (not involving PIN), and 1 study because it contained
the same subset of patients already included in the system-
atic review (Figure 1). The final compilation comprised 6
publications (all level IV studies), and 4 reported procedures
performed by a single surgeon.™®”'> The most frequent jour-
nal included was the Journal of Hand Surgery (4), and pub-
lication dates ranged from 1985 to 2016.

Patient Demographics and Injury Characteristics

The 6 studies included in this systematic review contained
135 patients (136 wrists). The weighted average age of the
cohort was 43.6 years (range of study means, 17-75), and
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Table I. Demographics (135 Patients).

Number of studies (patients

Average age

Average follow-up, mo

Male

Dominant extremity

Average symptom duration, mo

Preoperative pain score (M-SACRAH criteria; 0-800)
Preoperative functional score (M-SACRAH criteria; 0-200)
Preoperative stiffness score (M-SACRAH criteria; 0-200)

Patients for which was recorded)
43.6 (range, 17-75) 6 (135)
51 (range, 16.3-138.1) 4 (106)
62 (45.9%) 6 (135)
26 (73.4%) 3(35)

47.5 I (6)

167 (range, NR; SD, 41) 1 (12)
632 (range, NR; SD, 86) 1 (12)
90 (range, NR; SD, 30) 1 (12)

Note. M-SACRAH = modified score for the assessment and quantification of chronic rheumatoid affections of the hand; NR = not reported;

SD = standard deviation.

Table 2. Outcomes.

Number of studies

Return to work

Increase in wrist ROM

Subjective improvement and good patient satisfaction
Postoperative pain score (M-SACRAH; 0-800)
Postoperative functional score (M-SACRAH; 0-200)
Postoperative stiffness score (M-SACRAH; 0-200)
Would recommend the surgery

Patients (number of cases)
24 (88.9%) 2 (27)
27 (96.4%) 2 (28)
99 (88.4%) 5(112)
14 (range, NR; SD, 19) 1(12)
98 (range, NR; SD, 94) 1 (12)
79 (range, NR; SD, 27) 1(12)
12 (100%) 1(12)

Note. ROM = range of motion; M-SACRAH = modified score for the assessment and quantification of chronic rheumatoid affections of the hand;

NR = not reported; SD = standard deviation.

just over one-half of the patients were female (54.1%). Of
those studies that reported hand dominance,'"'? the domi-
nant hand was involved in 74.3% of cases. Patient demo-
graphics are included in Table 1.

Operative indications include chronic dorsal wrist pain
(83.3%), followed by rheumatoid arthritis (8.3%), Kienbock
disease (3.5%), osteoarthritis (2.8%), scaphoid nonunion
(1.4%), and wrist instability (0.7%). Two articles reported
previous procedures on the affected carpus including open
reductions with internal fixation (n = 8), closed reduction (n =
6), and nonunion treated with volar bone grafting (n = 5).>"!

Operative Technique

Two authors included a discussion of their operative tech-
nique and postoperative rehabilitation protocol.™® Dellon
et al’ resected a 2-cm section of the PIN proximal to the
extensor retinaculum through a standard dorsal approach.
Patients were subsequently splinted postoperatively for 1
week followed by an active ROM with protective splinting
for an additional 2 weeks. Lluch and Beasley® reported a
similar procedure but noted some variability in that in ear-
lier cases within the series, the posterior interosseous artery
was resected with the nerve, whereas the artery was left
intact in 25 later cases.

Outcomes

At an average final follow-up of 51 months (range of study
means, 16.3-138.1), 88.9% of patients were able to return to
work at their full capacity. In addition, 3 patients were able
to return to partial work, requiring the use of a splint. Of
those studies reporting ROM, 96.4% of patients had
increased wrist ROM postoperatively.”” Outcomes are dis-
played in Table 2.

One study utilized validated functional outcome mea-
sures. Riches et al' utilized an M-SACRAH questionnaire
preoperatively and postoperatively and found that pain
improved substantially from 167 to 14, the functional score
from 632 to 98, and stiffness score less dramatically, from
90 to 79. All patients noted a significant improvement in
pain and function (P < .001) but not a significant improve-
ment in stiffness.'”

Two series mentioned an initial improvement of symp-
toms postoperatively, with the recurrence of pain occurring
in 25.5% of patients at an average follow-up of 12.3
months.>*

Patterson and colleagues'' evaluated proprioception fol-
lowing PINN evaluating the patients’ sense of wrist position
at neutral (0°) as well as varying degrees of flexion (20°,
40°, 60°), extension (20°, 40°, 60°), and radial (10°) and
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Table 3. Complications.

Number of studies

Patients (number of cases)
Pain recurrence 13 (25.5%) 2 (51)
Average time of pain 12.3 2 (13)
recurrence, mo
Complications (excluding 1 (0.9%) 5(113)
pain recurrence)
Required secondary 4 (3.5%) 5(113)

surgery

ulnar (10°) deviation. The most imprecise estimations of
wrist positions occurred at 40° and 60° of flexion (both a
14°-16° underestimation). Patients also tended to overesti-
mate amount of ulnar (4°-9°) versus radial deviation (—4° to
+2° deviation). Second, authors compared proprioception
of patient’s surgical wrist versus a control (wrists of healthy
volunteers) which showed a statistically significant, more
accurate measurement at 40° extension in the postoperative
patients (measurement of 46°) compared with control (mea-
surement of 52°; P = .032). Finally, proprioception was
measured between patient’s surgical wrist and the same
patient’s nonsurgical wrist which showed no statistically
significant differences.""

Overall, 88.4% of patients experienced a subjective
improvement and were satisfied with the procedure. In
addition, one study reported that all of the patients in the
series would recommend the surgery to someone experienc-
ing similar symptoms. '

Complications

All studies discussed complications. Overall, only 1 com-
plication (excluding recurrence of pain) was reported
among 113 cases™***'? (0.9%), including 1 case of reflex
sympathetic dystrophy, which was treated with 2 stellate
ganglion blocks.” Four studies reported no complications
(0%) among their respective cohorts.**’ Of 3 patients expe-
riencing recurrence of pain due to progressive carpal col-
lapse, all went onto fusion after returning to work.’
Complication and secondary surgery rates are shown in
Table 3.

Discussion

This investigation sought to characterize the demographics,
outcomes, and complications of isolated PINN through a
large systematic review of 135 patients. We hypothesized
that PINN would provide moderate pain relief with few
complications. There were 3 key findings in this study.
First, 88.4% of patients achieved some degree of pain relief,
88.9% returned to full duty at work, and 100% would rec-
ommend surgery. Second, the pain recurrence rate was

25.5%, which recurred at an average of 12.3 months post-
operatively. Finally, the complication rate (excluding pain
recurrence) was exceptionally low at 0.9%, and only 3.5%
required secondary surgery. The PINN is a simple proce-
dure with excellent outcomes and few complications and
should be considered in the treatment of chronic wrist pain.

Following isolated PINN for chronic wrist pain, excellent
outcomes were achieved (Table 4). The results of an isolated
PINN are generally comparable with that which has been
reported from a combined anterior interosseous nerve (AIN)
and PIN neurectomy®"'® or a total wrist denervation
(TWD).' Comparable with the present results of PINN, in a
review of 23 patients undergoing AIN/PINN through a sin-
gle dorsal incision after 2.5 years, 80% of patients reported a
decrease in pain, 73% returned to work, and 90% would rec-
ommend the procedure.'® In a series of 48 wrists with chronic
wrist pain treated with a 2-incision AIN/PINN after an aver-
age of 28 months, grip strength improved 16% (not statisti-
cally significant), there was a 51% improvement in pain, and
the Disabilities of the Arm, Shoulder and Hand (DASH)
score improved 15 points. There was no correlation with
success of a preoperative injection and postoperative pain
relief.” There was not consistent reporting correlating preop-
erative injection to postoperative outcome in the present
series. However, the patients receiving isolated PINN did
overwhelming improve (88.4%), 89% returned to work, and
96% of patients experience an increase in ROM. Denervation
of the wrist requires only a small dorsal incision and does
not warrant postoperative splinting. In addition to postopera-
tive local block, we encourage early active ROM, which
likely contributes to the excellent functional outcomes.

While the results of AIN/PINN and isolated PINN are
analogous in many cases,”'*'® one direct comparison of
TWD with PINN was performed with 52 patients. Although
the study was retrospective, not randomized, and the indica-
tions for the procedures in all cases are not known, the
authors demonstrated a larger percentage of patients in the
TWD group achieving improvement as compared with the
PINN cohort. Furthermore, the authors believe that the
PINN cohort would have had a higher recurrence rate if
studied for a longer period of time.°

In the current analysis, pain recurrence occurred in 13
patients, 10 (77%) of whom were included in the aforemen-
tioned TWD-PINN comparison, which had the second lon-
gest follow-up (56.4 months) included presently® (Table 4).
It is possible that a longer follow-up enables the patients to
be studied when they return to work and therefore may
explain pain recurrence. In addition, the underlying disease
process, which may include rheumatoid arthritis, may prog-
ress postoperatively, causing additional pain and thereby
accounting for the 25.5% recurrence rate. Despite this, the
pain recurrence in this review was not until an average of
12.3 months postoperatively. Even in the minority of
patients with pain recurrence (25.5%), these patients still
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Table 4. Analyses Regarding Isolated Posterior Interosseous Nerve Neurectomies.

Subjective
No. of improvement/ Complications Average
patients Mean Follow- patient Reoperation (excluding pain  Return to Pain time to pain
Author, LOE  (cases) age (y) up (mo) satisfaction rate recurrence) work recurrence recurrence
DeIIon5 21 (22) 385 158  21/21 (100%) 4/22 (18.2%) 1/22 (4.5%) 18/21 (85.7%) 3/21 (14.3%) 14
etal,’ IV
Ferreres 30 (30) 344 56.4  19/30 (63.3%) 0 0 NR 10/30 (33.3%) 12
etal’ IV
Lluch and 43 (43) 46 72 43/43 (100%) 0 0 NR NR NR
Beasley,? IV
Lohetal’IV 6 (6) 37 NR 5/6 (83.3%) 0 0 6/6 (100%) NR NR
Patterson 23 (23) 47 NR NR NR NR NR NR NR
etal,' IV
Riches 12 (12) 63.7 24 11712 (91.7%) 0 0 NR NR NR
etal,? IV
Weighted 135 (136) 43.6 51 99/112(88.4%) 4/113 (3.5%) 1/113 (0.9%) 24/27 (88.9%) 13/51 (25.5%) 12.3
average

Note. LOE = level of evidence; NR = not reported.

had a year of pain relief. For a procedure as simple as a
small 3-cm incision over the fourth dorsal compartment,’
we believe the PINN is worth the risk of pain recurrence.

One article included accounted for all of the reoperations,
other complications, and 3 of 13 cases of pain recurrence. It
is worth noting that in this cohort, 16 of 29 (55.2%) were
involved in either workmen’s compensation cases or ligation
after motor vehicle accidents. The other complications noted
in this report included 4 patients with progressive carpal col-
lapse, 3 of which went onto fusion after returning to work.’
There were no cases of development of a neuropathic
Charcot wrist.”'""'” With resection of the sensory portion of
the PIN, the denervated wrist joint could hypothetically lose
wrist proprioception, precipitating a neuropathic joint.
However, in a laboratory analysis of proprioceptive function
following PINN, there was no difference between PINN and
control in terms of wrist proprioception.

There were 3 limitations to the present analysis. First,
the study was retrospective and the data were heteroge-
neous, making it impossible to draw overly specific conclu-
sions about the results. In addition, the heterogeneous
nature of the data limits the external validity of our findings
to specific patient populations. Second, because of the
nature of a systematic review, the quality of the data pre-
sented is limited by the quality of the data recorded in the
included studies. Third, the complication rate is likely
underreported. Pain recurrence was only recorded in 2 of 6
studies, and the 4 studies did not report any complications.
It is likely that after a 3-cm dorsal incision with limited dis-
section, complications would be low; however, the authors
would anticipate a prospective analysis with strict follow-
up would yield a higher complication rate.

Despite these shortcomings, the present analysis is the
largest review of isolated PINN in the literature. Although
the PINN is most typically performed as an adjunct, in con-
junction with an additional procedure, the present analysis
of isolated PINN demonstrates that the PINN may be com-
pleted as a stand-alone procedure in the setting of recalci-
trant wrist pain. At almost 4-year follow-up, PINN has
proven to achieve excellent clinical outcomes, few compli-
cations, and a low recurrence rate. When wrist pain is recal-
citrant to conservative measures, PINN is a simple treatment
option offering the prospect of pain relief with few risks to
the patient.
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