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Abstract

Purpose: The purpose of this study was to determine the relative improvements in pain and functional status after
ACDF versus RCR.

Methods: All patients over 18 years old who underwent primary one- to two-level ACDF for cervical radiculopathy and
primary arthroscopic RCR for acute or chronic rotator cuff tears between 2010-2019 were retrospectively identified.
Preoperative and one-year postoperative patient reported outcomes measures (PROMs) were extracted including SF-12
Physical and Mental Components (PCS, MCS) and VAS Arm pain after both interventions. Univariate analysis compared
clinical outcomes, 90-day readmission rate, and revision rate between patients undergoing ACDF and RCR. Multivariate
analysis compared PROM improvement across surgical groups.

Results: A total of 201 ACDF patients and 303 RCR patients met the inclusion/exclusion criteria. Patient age, CCI, sex,
and smoking status differed significantly between groups. All PROMs improved significantly after ACDF and RCR. There
were two readmissions and five revisions after RCR and neither after ACDF. Rotator cuff tear patients, compared to cer-
vical radiculopathy patients, had significantly higher preoperative functional status and lower pain. RCR in comparison
to ACDF was associated with significantly greater VAS Arm pain reduction and percent of patients achieving the minimal
clinically important difference. Regression found RCR predicted greater VAS Arm pain improvement. However, PCS and
MCS improvements were not statistically different across surgical interventions.

Conclusion: Rotator cuff repair, relative to ACDF for cervical radiculopathy, was associated with increased upper ex-
tremity pain reduction. However, improvements in functional status did not meaningfully differ between ACDF and RCR.
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Introduction

Cervical radiculopathy and rotator cuff tears (RCT) are common age-related degenerative conditions, with an annual
incidence 83.2 and 1000 per 100,000 people, respectively.12 The sequalae of cervical and rotator cuff degeneration rep-
resent important causes of upper extremity pain, disability, and functional impairment.13-5> While both conditions may
initially warrant a trial of non-operative treatment including physical therapy, analgesics, and corticosteroid injections,
up to 30% of cervical radiculopathy patients and up to 40% of RCT patients are estimated to fail conversative manage-
ment.5-7 For patients with clinically significant foraminal cervical nerve root compression or full thickness rotator cuff
tears who have failed non-operative management, surgery is often indicated.235 Anterior cervical discectomy and fusion
(ACDF) and arthroscopic rotator cuff repair (RCR) represent the gold standard treatments for cervical radiculopathy and
RCT, respectively, and have been associated with improvements in physical function and reduction in disability and
pain.#78 While the epidemiology, clinical course, and treatment response of both cervical radiculopathy and RCTs are
well researched, the complex inter-relationship between cervical spine and rotator cuff disease is the subject of ongoing
investigations.
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The precise etiologies of neck and shoulder pain can prove difficult to isolate, where cervical spondylosis may result in
neck pain while simultaneously referring pain to the shoulder in the C5 and C6 dermatomal distributions. Similarly, pain
resulting from RCTs may be restricted to the shoulder or travel along the course of the scapular and trapezius muscles to
mimic axial neck pain.%-15 The shared upper extremity pain qualities and distributions in cervical radiculopathy and
RCTs imparts diagnostic uncertainty.10-1216 Furthermore, cervical radiculopathy and RCTs commonly co-occur as indi-
cated by a national database study demonstrating 16% of cervical spine and 13% of rotator cuff tear patients to have
concomitate cervical spine and rotator cuff disease.1017 While neck and shoulder conditions can arise simultaneously or
subsequently, to date the evidence for causality is mostly speculative. However, emerging research suggests cervical
radiculopathy may exacerbate rotator cuff disease.141819 Additional studies have demonstrated progression of shoulder
pain after ACDF, for which rotator cuff tear was the predominate finding.10.1520 Given the likely co-existence of cervical
and rotator cuff diseases and scenarios where one condition intensifies the symptomatology of the other, it is not uncom-
mon for patients to undergo both ACDF and RCR throughout their lifetime.

Although the independent clinical efficacies of ACDF and RCR are well supported, there is a paucity of literature to direct-
ly compare the patient outcomes, complications, and revision rates after each respective surgery. Exploration of compar-
ative outcomes after ACDF and RCR will be critical to inform patients of expectations for postoperative recovery, which
has been shown to improve patient outcomes and overall satisfaction.2! The purpose of this study was to determine the
relative improvements of patient reported pain and functional status after ACDF compared to RCR.

Methods

All patients over 18 years of age who underwent primary one- and two-level ACDF for cervical radiculopathy and prima-
ry arthroscopic RCR for acute or chronic rotator cuff tears at a single academic institution between 2010 - 2019 were
retrospectively identified. Additional inclusion criteria required complete patient demographic profiles, surgical charac-
teristics, record of postsurgical complications and revisions, and preoperative and postoperative patient-reported out-
comes measures (PROMs) with minimum one-year follow-up. Spine patients in the ACDF cohort were excluded in the
scenarios of traumatic injury, infection, malignancy, or if the surgery was indicated for myelopathy, utilized a combined
anterior/posterior approach, and involved greater than two surgical levels. Shoulder patients were excluded if there was
evidence of shoulder joint infection or they underwent open or mini-open rotator cuff repairs. Patients in both groups
were also excluded if their medical records or outcome measures were incomplete.

Patient demographic and medical data including age, sex, smoking status (never, former, current), body mass index
(BMI), Charlson Comorbidity Index (CCI), and duration of follow-up were recorded via chart review. The primary study
outcome was preoperative and postoperative health-related quality of life outcomes and upper extremity pain. Short
Form-12 (SF-12) Physical Component (PCS) and Mental Component (MCS) Scores and Visual Analogue Scale (VAS) Arm
pain were recorded in both surgical intervention groups. Neck Disability Index (NDI) and VAS Neck pain were additional-
ly recorded for only ACDF patients. Likewise, American Shoulder and Elbow score (ASES), Single Assessment Numeric
Evaluation (SANE), and Simple Shoulder Test (SST) were detailed in patients undergoing RCR. Outcome scores at greater
than one-year follow-up were obtained from the institution’s recording software (OBERD, Columbia, MO). Achievement
of Minimum Clinically Important Differences (MCID) was determined according to established procedure specific values
for the PROMs studied when literature MCID standards were available. Threshold values included 2.6 points for VAS
Neck Pain, 4.1 points for VAS Arm Pain, 17.3% for NDI, 8.1 points for SF-12 PCS, and 4.7 points for SF-12 MCS after ACDF
and 2.4 points for VAS Arm Pain, 11.1 points for ASES, and 16.9 points for SANE after RCR.22-25 All cause 30- and 90-day
readmissions complications were assessed for each surgical group. Revision spine and shoulder surgical interventions
occurring after the primary surgery involving the previously operated spinal level(s) after ACDF or the same shoulder
laterality after RCR were noted along with the indication for revision surgery.

Statistical Methods

Patient demographic and clinical outcomes were compared between groups undergoing ACDF and RCR. Individual pa-
tient delta (D) outcome scores were calculated by subtracting their preoperative score from postoperative score upon
which a recovery ratio (RR) was calculated (Dscore/ [optimal score - preoperative score]). Descriptive statistics were
used to compare patient characteristics, PROMs (including D, RR, and proportion of patients meeting the MCID [%
MCID]), complications, and revisions in terms of mean and standard deviation or number of occurrences and percent of
total. Continuous and categorical variables were analyzed with t-tests and chi-square tests or the corresponding non-
parametric tests, respectively. Paired univariate analysis tested for significant preoperative to postoperative changes in
PROMSs. A multivariate linear regression model was developed to compare PROM improvement across surgical groups
while controlling for patient demographics and comorbidities. All statistical analysis was performed with R Studio Ver-
sion 4.0.2 (Boston, MA). A P-value < 0.05 was considered statistically significant.
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Results
Demographics and Surgical Factors

A total of 201 ACDF patients and 303 RCR patients were included in the final study cohort. Patient age (P<0.001), CCI
(P<0.001), sex (P= 0.004), and smoking status (P= 0.016) differed significantly between groups (Table 1). Patients un-
dergoing RCR, as compared to those undergoing ACDF, were older (RCR: 59.1 vs ACDF: 51.3), had fewer medical comor-
bidities (RCR CCI: 0.32 vs ACDF CCI: 0.92), and were more likely to be male (RCR: 60.4% male vs ACDF: 46.8% male).
While a greater proportion of shoulder patients were current smokers (RCR: 29.0% vs ACDF: 19.9%), a greater percent-

age of spine patients were former smokers (RCR: 14.9% vs ACDF: 22.9%). Patient BMI did not differ significantly (P=
0.217) across surgical interventions.

Two patients were readmitted after RCR for rotator cuff capsular sprain within 30-days and rotator cuff re-tear within
90-days. In comparison, no patients were readmitted within 90-days of ACDF. Five patients requiring revision operations
after RCR; one a revision rotator cuff repair and reverse four underwent a total shoulder arthroplasty. In contrast, no
ACDF patients required revision surgery during the study interval.

Table 1: Patient Demographics and Surgical Factors by Surgical Intervention.

Patient Parameter RCR ACDF F-Value
N=303 N=201
Age 59.1 (8.99) 51.3 (10.3) <0.001
Sex: 0.004
Female 120 (39.6%) 107 (53.2%)
Male 183 (60.4%) 94 (46.8%)
BMI 29.8 (5.44) 29.2 (5.36) 0.217
Smoking: 0.016
Never 170 (56.1%) 115 (57.2%)
Former 45 (14.9%) 46 (22.9%)
Current 88 (29.0%) 40 (19.9%)
CCI 0.32 (0.63) 0.92 (0.90) <0.001
?;;g?;;sion rate 0.66% 0%
Revision rate 5 (1.65%) 0%

Patient Reported Outcomes

Rotator cuff tear patients, compared to cervical radiculopathy patients, had significantly higher PCS (P<0.001) and MCS
(P<0.001) scores and significantly lower VAS Arm pain scores (P= 0.002) preoperatively (Table 2). Statistically signifi-
cant improvement was demonstrated in all PROMs for ACDF (MCS: P<0.001, PCS: P<0.001, VAS Arm: P<0.001, VAS Neck:
P<0.001, NDI: P<0.001) and RCR (MCS: P=0.012, PCS: P<0.001, VAS Arm: P<0.001, ASES: P<0.001, SANE: P<0.001, SST:
P<0.001). Delta scores and recovery ratios for each PROM studied are presented in Table 2.

Rotator cuff repair, in comparison to ACDF, was associated with significantly greater VAS Arm pain reduction (RCRA: -
3.82 vs ACDFA: -2.67, P<0.001, RCR RR: 0.69 vs ACDF RR: 0.28, P<0.001) and VAS Arm %MCID achievement (RCR: 72.9%
vs ACDF: 56.2%, P<0.001). Regression analysis found RCR (£3=0.93, P=0.009) and decreased CCI (3= -0.40, P=0.047) to
be significant predictors of VAS Arm pain improvement (Table 3). However, APCS (P= 0.955), PCS RR (P= 0.734), AMCS
(P=0.072), MCS RR (P=0.073), were not statistically different across the respective surgical interventions.
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Table 2: Patient Outcome Comparison by Surgical Intervention.

RCR ACDF
Patient Outcome P-Value
N=303 N=201
Preop 5.22 (2.45) 5.95 (2.72) 0.002
Postop 1.41 (2.29) 3.28 (2.58) <0.001
VAS Arm A -3.82 (3.04) -2.67 (3.42) <0.001
RR 0.69 (0.76) 0.28 (1.02) <0.001
% MCID 72.9% 56.2% <0.001
Preop 38.5 (7.69) 33.6 (7.46) <0.001
Postop 46.6 (10.5) 41.7 (10.9) <0.001
PCS A 8.12 (10.9) 8.17 (10.3) 0.955
RR 0.12 (0.18) 0.12 (0.16) 0.734
% MCID 47.3%
Preop 52.8(10.8) 47.4 (114) <0.001
Postop 54.3(9.22) 50.9 (10.3) <0.001
MCS A 1.52 (11.3) 3.47 (12.3) 0.072
RR 0.00 (0.22) 0.04 (0.22) 0.073
% MCID 39.3%
Preop 5.85(2.53)
Postop 2.54 (2.38)
VAS Neck A -3.32 (2.92)
RR 0.52 (0.54)
% MCID 63.5%
Preop 42.55 (18.27)
Postop 25.19 (18.98)
NDI A -17.35 (22.76)
RR 0.17 (2.01)
% MCID 56.8%
Preop 44.68 (20.31)
Postop 84.69 (19.93)
ASES A 40.01 (26.05)
RR 0.68 (0.55)
% MCID 86.5%
Preop 37.31(23.48)
Postop 79.60 (24.80)
SANE A 42.29 (30.33)
RR 0.64 (0.45)
% MCID 81.5%
Preop 40.43 (24.38)
SST Postop 80.42 (24.49)
A 40.00 (28.49)
RR 0.66 (0.47)
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Table 3: Multivariate Regression of VAS Arm Pain.

AVAS Arm Pain Improvement

Predictor
3- Estimate P-Value

Surgery:

ACDF Reference

RCR 0.93 0.009
Age -0.001 0.968
Sex -0.29 0.324
BMI 0.02 0.391
Smoking:

Never Reference

Former -0.28 0.557

Current 0.30 0.379

CCI -0.40 0.047

Discussion

Cervical radiculopathy and rotator cuff tears represent two important causes of upper extremity pain and disability man-
aged surgically.1248 The clinical efficacy of both ACDF and RCR has been demonstrated in literature.”16 Though cervical
radiculopathy and RCT coincide in over 20% of patients over age 60, there is a dearth of research to compare their re-
spective postsurgical outcomes, complications, and revision rates.l” The results of our study demonstrate significant clin-
ical improvement for patients after both procedures, where functional improvement did not meaningfully differ between
ACDF and RCR. However, RCR was associated with significantly greater postoperative arm pain relief.

Shoulder-spine pain is mediated locally by mechanical stimulation of nociceptive fibers and is referred outside the imme-
diate zone of disease by the actions of associated inflammatory mediators.16.26 Structural defects in cervical discogenic
tissue results in nociceptive fiber growth and release of immunoinflammatory mediators along the dorsal root ganglion
resulting in both localized and referred pain.2? Likewise, RCT triggers sensitization of local nociceptors as well as release
of neuropeptides outside the initial zone of injury to mimic symptoms of axial neck pain.28 The combined mechanical and
inflammatory mechanisms result in overlapping anatomic distributions of pain and analogous clinical presentations for
patients with cervical radiculopathy and RCT.1628 Prior research has demonstrated subacromial impingement pain to
consistently result in lateral neck and trapezius pain.2® Conversely, facet stimulation and cervical discogram has been
shown to result in referred shoulder and trapezius pain.30

The intimate relationship between cervical and shoulder diseases has prompted previous comparison of outcomes for
patients undergoing operative treatment for upper extremity/shoulder pain between cervical spondylosis and shoulder
dysfunction cohorts.3! Previous investigation demonstrated that patient reported success, numerical rating scale pain
score, NDI, and Focus on Therapeutic Outcomes did not differ meaningfully when comparing spine and shoulder surgery
groups. However, the utility of this comparative study was limited by heterogenous cohorts as statistical comparisons
were not specific to diagnosis or surgical intervention. The present study compared only patients with a single preopera-
tive diagnosis (cervical radiculopathy or RCT) to isolate and better compare outcomes after ACDF or RCR, as preopera-
tive diagnoses have been shown to have a significant effect on outcomes following surgery.253233 Our results suggest that
functional improvement is no different across interventions. Likewise, the revision rates were low regardless of surgery
type. Patients in our ACDF cohort demonstrated lower baseline function, and as a result also demonstrated worse post-
operative mental and physical function scores. Despite patients undergoing RCR being older, the ACDF cohort demon-
strated increased comorbidity burden. These differences are important to take into consideration when evaluating out-
comes after surgery and were incorporated into our regression model. Accordingly, it may be reasonable to counsel pa-
tients familiar with either procedure that postoperative functional recovery is not dissimilar between interventions and
the likelihood of revision remains low. However, given that patients undergoing ACDF were associated with worse base-
line function, these patients can similarly expect worse absolute functional scores after recovery.

Conversely, when considering other patient reported metrics of postoperative improvement, VAS Arm pain reduction
was more favorable for RCR patients compared to ACDF patients on univariate and multivariate analysis. Likewise, a
greater percentage of RCR patients achieved the MCID which may suggest that RCR is more likely to be a clinically effec-
tive intervention for reduction in arm and shoulder pain. In shoulder and spine specific PROMs, though direct compari-
son was not possible, MCID thresholds were achieved more frequently after RCR than after ACDF. However, the hetero-
geneity of MCID PROM metrics limits the generalizability of this finding and requires further comparison with additional
identical PROM questionnaires for both the shoulder and spine groups.
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When evaluating similar ACDF and RCR cohort studies in the literature, aggregating PROMs across each surgical inter-
vention increased the generalizability of our comparative outcome findings.3234-40 Analogous with the findings of our
study, weighted mean age and sex distributions differed significantly between surgical interventions, where RCR pa-
tients in comparison to ACDF were older and a greater portion were males (Table 4). Likewise, the aggregated preopera-
tive and postoperative PCS and MCS did not differ significantly by surgical intervention, further supporting the lack of
difference in functional improvement between each operation. Comparison of literature derived weighted means sup-
ported our finding that VAS Arm pain reduction was greater after RCR relative to ACDF, with a significantly lower aggre-
gate postoperative VAS Arm pain associated with RCR.

Table 4: Meta-analysis of ACDF vs RCR PROMs in Literature.

Study Charadteristics
Study Study Inclusion Patient n- Sex Smoking Sta-
I BMI P o P o
Year Criteria value &€ {%Male) tus (%Current) T e — T
Cervical radiculopa- 49 291 55 32 328 40 462 479
Stull et al 2020 |thy, 1-3 level prima- 117 46% 282% -23 7.2 137
v ACDE (4851) (281-303) 4.961) | (34.1) {315-341)| (379-421) [432-484) | (45850)

e ; : . 518 7.4 23 243 455 403 513
Siemionow el | ggp | Servielredenoper) gy 330% - - 51 12 110
o S T AT 14075 [0.9) (2.4) 61 {8.6) (751 17.5)

Cervical radiculopa- 51 206 5.4 22 245 435 452 503
Tarazonaetal | 2013 e""c: racicuorsE| - gg 477% 124% £ 90 51
iy D {41-61) (234-358) 121) (2.8) 18.0) 1117) {122) {107)
ACDF | Eicomadicy et el 52 285 475 21 318 361 441 4603
p 2006 | ene | 115 406% 261% 265 33 193
o iU (L= (38-66) {219-353) (3.29) (2.6) (8.9) (158) {125) {120)
Levy etal Cervical radiculopa- 513 5.94 368 2602 5026 3252 4085
2021 | thy, primary 1-2 201 468% | 201 (5.38) 5.36% -2.36 424 843
{Current study) level ACDF {103) 289) | (273 {135) 117) {0.12) {117)
Weighted 5131 4615% 2980 2134% g1 274 2603 4311 41564 4725
Mean Outeome| - - (49 69- (42.10- (2818 (1268 | ool (220 - (3223~ | (3833 - (8527~ | 11w cnos|
5273 50.26%) 30.41) azasy | | s2s) 3083 47 89) sg02) !
Full-thickness RCT, 37
Cole et al 2007 e 47 506% - - 59 18 41 40 40 0 50 53 3
(34-80)
Partial- or full- 540
Meintyreetal | 2013 |thickness RCT, RCR 173 0.8) 567% - 145% 532 132 40 345 457 112 488 53 a2
with biologic .
Degenerative or s95 17 02 39
Menesi et al 2018 | traumatic RCT, 43 81) 595% - - (0] 15 453(63) | 73 36(93) | 438i82) | 78
RCR arthroscopic RCR (19) 8.9)
Fulkthickness RCT,
Menonetal | 2015 | 'ERC:” | 1s3 55 595% - - 56 06 40 380 511 131 545 545 0
Levy et al Acute or chronic 591 298 522 141 3852 4664 5275 5428
2021 | RCT, primary arthro-| 303 604% 298% -3.82 B.12 152
feurrent study) scopic RCR (2.0) (5.44) (245) | (228) (767) (105) (108) {9.21)
5738 59313 2911 2124% 346 0800 4653 2341 4309
Weighted el
Mean Outcome| - - (5545- [55.69- (2863 (1265 001 | (038 - [37.75- (4555- - (2800- (3882 -
59.30) 62 £3% 29.59) 33.35% 5.91) 1.98) 3938) 4751 60.83) 59.36)
ACDF vs RCR Group = = = <0.0001 | <0.0001 0.0833 08393 01974 | 0.0035 = 02008 | 01681 - 0.7580 0.7369 -
Comparison: Pvalue

Conclusion

This study is not without limitations including those inherent to retrospective cohort generation. Although patients were
included in the investigation in a systematic method, potentially relevant cases were identified based on availability of
PROMs introducing a selection bias. The ACDF and RCR groups inherently differ in patient demographics which may lead
to outcome differences that remain incompletely controlled for in multivariate regression. Furthermore, the heterogene-
ity of PROMs collected in spine and shoulder limited direct comparison of all outcome metrics. Comparison of these con-
dition-specific outcome metrics including NDI, VAS Neck, ASES, SANE, and SST was limited to MCID and RR as the ques-
tions used to derive each of these assessments are unique. While the readmission rates were low in both interventions,
additional complications that did not require hospital readmission may not be accounted for in this study.

Rotator cuff repair, relative to ACDF for cervical radiculopathy, was associated with greater upper extremity pain reduc-
tion. However, improvements in functional status did not meaningfully differ between ACDF and RCR. The findings of
this study may aid in patient understanding of expectations for recovery and improvement after the aforementioned sur-
gical procedures.
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